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vi  NOTICE  BY  THE  TRANSLATOR. 

The  great  feature  of  this  work  is  the  proof  that  all  musical  sounds, 
whether  proceeding  from  one  or  many  sources,  are  heard  by  the  ear  as  if 
they  came  from  one  or  more  distinct  sources  of  a  particular  simple  kind, 
combined  by  a  well-known  and  definite  law  so   long  as  the  excursions  of 
the  particles  of  air  are  small  in  comparison  with  the  length  of  the  ware, 
and  by  another  and  different  law  when  those  excursions  are  larger.    From 
this  flows  the  &ct  that  any  individual  tone  may  be  considered  as  com- 
pounded of  the  partial  simple  tones  of  which  it  is  audibly  composed,  and 
the  several  combinations  of  such  compound  tones  can  be  reduced  to  the 
combinations  of  the  simple  tones  of  which  they  are  compoimded,  and  of 
the  other  simple  tones,  which  result  when  the  excursions  of  the  particles 
of  air  are  larger  than  usual.      Hence  the  whole  theory  of  combined 
musical  sounds  is  reduced  to  the  theory  of  combined  simple  sounds.  From 
this  flows  with  great  ease  and  simplicity,  the  nature  of  consonance  and 
dissonance,  on  which  must  in  the  last  resort  depend  every  constructible 
theory  of  harmony,  and  the  laws  which  regulate  it.     From  this  also  are 
seen  to  flow  the  principles  which  determined  those  degrees  of  musical 
sounds  that  were  esthetically  selected  by  various  nations  at  various  times, 
and  the  harmonic  capabilities  or  incapabilities  of  the  various  scales  thus 
produced.     And  again,  the  same  principle  furnishes  the  explanation,  so 
long  and  vainly  sought,  not  only  of  the  simple  ratios  of  the  lengths  of 
strings  which  produce  consonant  tones,  and  of  the  limitation  of  the  num- 
ber of  these  ratios,  but  also  (and  this  was  the  puzzle  of  puzzles)  of  their 
various  endurable  imitations  by  other  extremely  complex  ratios,  with  a 
perfect  and  simple  means  of  estimating  and  comparing  the  resulting  rough- 
ness or  smoothness,  and  the  cause  of  its  variability  from  instrument  to 
instrument ;  in  short,  of  the  value  of  different  '  temperaments  *  on  diffe- 
rent instruments.     Anything  more  beautiful  than  the  explanation  of  these 
phenomena,  which  have  perplexed  philosophers  and  muwcians  from  the 
time  of  Pythagoras  in  Greece,  and  thousands  of  years  before  Pythagoras 
in  China,  to  the  year  1862,  when  Prof  Helmholtz  first  gave  his  results  to 
the  world  in  a  connected  form,  it  is  scarcely  possible  to  conceive ;  and  the 
gradual,  simple,  and  popular  manner  in  which  he  has  laid  those  results 
before  the  reader  in  his  text,  so  that  all  that  have  any  interest  in  music 
may  peruse  them  with  pleasure,  and  understand  them  without  difiiculty, 
while  the  lover  of  exact  and  abstruse  mathematical  reasoning  is  fully  satis- 
fied by  the  investigations  in  his  Appendices,  evinces  a  master's  hand 
directed  by  a  master's  mind. 

The  two  first  parts  of  this  work  are  indispensable  to  all  who  would 
understand  the  nature  of  soimd,  how  its  various  qualities  of  tone  are  dis- 
tinguished by  the  ear,  and  how  they  react  on  each  other  when  combined. 
While,  therefore,  they  convey  information  which  is  of  special  import- 
ance to  the  physicist,  the  phonetist,  and  the  musician,  they  are  as  well 
adapted  for  the  purposes  of  general  education.    The  third  part  is  more 
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itrictlj  mnsical.  It  enters  upon  the  histoiy  of  the  different  kinda  of 
mufic,  and  ihen«  taking  up  the  harmonies  dependent  on  OctaveSy  FiflhS| 
and  Thirds,  and  their  inversions  and  extensions,  determines  the  proper 
method  of  tuning  for  producing  their  best  results,  that  is,  just  intonation, 
and  traces  the  effect  of  altering  the  positions  of  notes  in  a  chord,  the  in- 
troduction and  resolution  of  discords,  the  laws  of  progression  of  parts, 
and  all  thoee  troublesome  points  on  which  ordinary  treatises  are  prolific  in 
roles,  and,  when  not  absolutely  silent,  scanty  or  inaccurate  in  explanation. 
This  part  is  as  necessary  to  musicians  as  grammar  is  to  writers.  Armed 
with  this  knowledge,  which  could  not  have  been  previously  presented  be- 
cause its  Tery  basis  (the  composition  of  musical  tones)  was  unknown,  the 
mere  practical  executant  sees  into  the  meaning  of  the  composer,  and  the 
compoeer  is  endowed  with  a  new  power  of  realising  his  conceptions.  But 
here  the  work  stops.  Into  composition  it  does  not  enter.  It  gives  the 
compoeer  a  knowledge  of  his  material  ^  and  its  laws,  and  then  leaves  his 
genius  to  do  the  rest. 

In  now  ftilfilling  a  wish  which  I  had  entertained  from  the  first  appear- 
ance of  the  original  Grerman  work,  and  which  only  grew  stronger  during 
more  than  ten  years  of  familiarity  with  its  contents,  I  have  endeavoured 

*  That  is,  musical  sound  in  general,  and  its  particular  esthetic  selections. 
1)  Pythagorean  intonation  with  perfect  Fifths,  and  sharpened  major  Thirds, 
formed  bj  taking  four  fifths  up  and  two  Octaves  down,  give  one  peculiar  material 
worked  out  bj  the  Greeks  and  Chinese  with  great  finenees  of  detail,  but  incapable  of 
the  effects  of  modem  harmony.  2)  Mean  intonatiou,  with  perfect  major  Thirds,  but 
Fifths  flattened  to  obey  the  Greek  law,  forming  a  totally  different  material,  first  ren- 
dered harmony  possible  and  founded  almost  all  its  rules.  8)  Equal  intonation,  with 
Fifths  so  slightly  flattened  that  12  of  them  should  make  7  Octaves,  but  having  its 
sharpened  major  Thirds  formed  by  the  above  rule,  is  a  third  and  very  different 
material,  but  one  which  only  some  very  modern  ears  of  Western  Europe  have  ever 
considered  to  be  capable  of  harmony.  4)  Skhismic  or  Arabic  intonation,  in  which  the 
Fifths  are  perfect,  but  the  flattened  msjor  Thirds  are  formed  by  taking  8  Fifths  down 
and  5  Octaves  up,  is  quite  a  new  material,  suitable  for  harmony,  but  not  yet  used  for 
haimooy.  5)  Skhistic  or  Helmholtzian  intonation,  flattening  the  Fifths  in  the  last 
ease  imperceptibly,  and  thus  making  the  major  Thirds  perfect,  is  another  and  perfectly 
new  material  eminently  suitable  for  harmony,  but  with  totally  different  laws  from  the 
Mcond  or  third.  6)  Blr.  Bosanquet*s  cyclic  intonation  is  another  variety  of  the  fourth 
class,  which  in  addition  to  the  laws  of  the  fifth  possesses  the  cyclic  power  of  infinite 
Bodulation ;  it  has  also  sensibly  perfect  Fifths,  and  almost  insennibly  flattened  major 
Thirds ;  this  oflfers  quite  a  new  material  to  composers.  7)  Just  intonation  with  abso- 
Intelv  perfect  Fifths  and  Thirds,  and,  if  need  be,  perfect  harmonic  Sevenths,  is  again 
a  sew  material,  sufficiently  represented  in  practice  by  the  flfth  or  sixth,  to  which 
kfjed  instrnments  can  be  adapted.  It  is  at  present  executable  only  by  the  voice, 
bi)vi  d  instruments,  and  trombones,  but  its  laws  are  the  foundation  of  all  harmony, 
and,  as  it  is  the  only  system  of  acoustic  consonance,  it  is  the  only  easy  system  for 
angers.  How  these  different  materials  are  acoustically  derived  and  related,  and  how 
far  compositions  written  for  the  second  or  third,  are  executable  in  the  fifth,  sixth,  or 
wnnth  class,  or  converbely,  will  be  seen  in  the  work  itself,  or  the  additional  Appendix. 
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to  render  the  thoughts  of  the  Author  ^ithfully  into  the  most  appropriate 
idiomatic  fingliah.  Any  changes,  however  slight,  have  been  duly  indicated. 
The  additional  notes  which  I  have  subjoined,  especially  to  the  third,  or 
strictly  musical,  part  of  the  work,  were  suggested  to  me  by  the  difficulties 
which  I  myself  experienced  when  first  studying  the  subject.  In  an  addi- 
tional Appendix  XIX.  I  have  endeavoured  to  bring  together  the  whole  of  the 
matter  bearing  on  just  and  tempered  intonation,  with  the  necessary  tables,  so 
as  to  complete,  in  a  very  condensed  form,  the  admirable  introduction  in  the 
text.  I  felt  that  unless  musicians  had  at  hand  the  information  and  results 
there  collected,  the  scientific  -statements  in  the  text  would  not  be  duly 
appreciated  in  this  country. 

The  remarks  which  I  have  heard  made  by  musicians  of  high  standing 
confirm  me  in  this  view.    Although  the  present  system  of  tuning  is  so  recent 
that  it  was  not  adopted  till  the  year  1867  in  the  great  organ  of  St.  George^s 
Hall,  Liverpool,  yet  one  century  of  ordinary  use  has  led  even  composers  of 
great  repute  to  identify  music  itself  with  '  equal  temperament.'   In  a  brochure 
printed  in  1860  (just  two  years  before  the  publication  of  the  first  Grerman 
edition  of  this  work),  and  signed  by  '  Auber  (de  Tlnstitut),  Carafa  (id.), 
CtAPissoN  (id.),  Ermel,  Victor  Foucher,  president,  Casimir  Gide,  Charles 
Gounod,   F.  Hal^vt  (de  I'lnstitut),  Jomard   (id.).   General   Mellimet, 
Sdouai'd   MoNNAis,    Niedermeter,   £douard  Eodrioues,   vice-president, 
Ambroise  Thomas  (de  Tlnstitut),  Varcollier,  membres  de  la  commission  de 
surveillance  de  Venseignement  du  chant  dans  les  ecoles  communales  de  Paris^-^ 
H.  Berlioz  (de  Tlnstitut),  Dietsch  (chef  d'orchestre  de  TOp^i-a),  Georges 
Kastner  (de  Tlnstitut),  J.  d'Ortioue  (directeur-r^dacteur  en  chef  de  la 
Maitrise) — Pasdeloup,  F.  Bazin  (directeurs  de  TOrph^n  de  Paris),*  who 
may  be  considered  to  represent  the  musical  feeling  of  France  in  that  year, 
I  find  the  following  explicit  and  emphatic  declarations  ^ :  'II  est  certain, 
Evident,  incontestable,  c*est  im  fait,  qu'il  n*y  a  r^ellement  dans  les  vingt 

>  In  English.  *  It  is  certain,  evident,  indisputable,  it  is  a  fact,  that  the  21  signs  of  the 
enharmonic  scale  [that  is,  the  7  naturals,  7  sharps,  and  7  flats]  contain  really  nothing 
more  or  less  than  the  12  degrees  of  the  chromatic  scale,'  [that  is,  1  68  «<;,  2  off  E.(/b, 
8  rf,  4  rfj  =«b,  6  «=A  6  el  =/,  7  ft  «^b,  B  g,  ^  gl  =ab,  10a,  11  at  «6b, 
12  5acb>  so  that  the  7  double  sharps  and  7  double  flats  have  been  overlooked]  ;  and 
again:  'Db  is  neither  flatter  nor  sharper  than  CQ, — those  notes  have  the  same 
meanipg,  they  express  the  same  sound. — Sameness  of  meaning  for  different  signs,  that 
is,  enharmonic  equivalence,  is  the  source  of  all  the  wealth  of  modem  art — Suppress 
the  tempered  system,  suppress  enharmonic  equivalence,  the  sameness  of  meaning  for 
different  signs,  and  by  the  same  act  you  suppress  the  most  beautiful  inspirations  of 
composers,  you  suppress  music  itself.'  The  title  of  this  pamphlet  is :  '  Observations 
de  quelques  Musiciens  et  de  quelques  Amateurs  sur  la  m^thode  de  Musique  de  M.  le 
docteur  Simile  CHBvi.  Paris,  Imprimerie  de  J.  Claye,  Rue  St.  Benoit,  7.  I860.'  It 
does  not  appear  to  have  been  published,  but  there  is  a  copy  in  the  British  Museum, 
catalogued  under  CheftS,  press  mark  7896,  d.  M.  Chev^  in  quoting  it  (*  Methods 
!^6mentaire  de  Musique  Vocale,'  preface  to  the  edition  of  1863-4,  p.  xxxvi.)  adds  to 
the  above  list  the  n»moi>  of '  Verdy  [sic],  Meyerbeer,' 
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et  un  signes   de    la   gamme  enharmonique  que  lea  douze  Echelons  de  la 
gamine  cliromatique '  (p.  9).     'Le  re  hemol  [Db]  n*est  ni  plus  grave,  ni 
pluB  aigu  que  Vut  diese  [c8  ], — ces  notes  sont  synonjmes,  elles  expriment 
lememeaon. — I^a  synonymie,  c'est-&-dire  I'enharmonie,  est  la  source  de 
toutes  lea  richeeses  de  l*art  modeme. — Supprimez  le  syst^me  temp^r^, 
npprimez  renharmonie,  la  synonymie,  yous  supprimez  du  m^me  coup  les 
plug  belles  inspirations  des  maitres,  yous  supprimez  la  musique  m^me  * 
(p.  16).     Uence  these  eminent  men  consider  that  there  was  no  '  wealth 
(Xmodem  art,*  no  '  beautiful  inspirations  of  composers,'  in  &ct  no '  music,' 
till  about  a  century  ago.     They  declare  their  conrictions  that '  music  itself 
would  be   suppressed'   by  altering  a  system  of  tuning,   unknown  to 
Pyfistrina  (1524-94),  unused  by  Handel  (1685-1759),>  supposed  to  have 
been  first  employed  for  harmony  by  Sebastian  Bach  (1685-1750),*  but 
It  any  rate  first  conspicuously  maintained  for  the  piano  in  1753  by 
hu  son  Emanuel  Bach,  long  contested  by  Bameau  (1683-1764),  cha- 
racterised by  our  first  scientific  writer  on  harmony,  Dr.  Robert  Smith, 
who  would  not  employ  it,  as  '  that  inharmonious  system  of  12  hemi tones,' 
producing  a '  harmony  . . .  extremely  coarse  and  diugreeable,' '  not  brought 
into  use  till  long  afVer  the  present  musical  notation  was  perfected,  and  still 
without  |i  notation  adapted  to  its  own  peculiarities. 

Similarly  Mr.  John  Hullah,  Her  Majesty^s  Inspector  of  Singing  in 
Training  Colleges  and  Schools,  where  are  taught  the  teachers  of  primary 
schools  in  which  the  children  hare  to  sing  mainly  without  any  accouw 
paniment,  in  a  memorandum  appended  to  his  Report  for  1872,  and  re- 
printed in  his  '  Time  and  Tune  in  the  Elementary  School,  a  New  Method 
of  Teaching  Vocal  Music,'  1875,  says :  '  Every  musician  knows  that  C8 
and  Db  are  not  theoretically  identical.^     For  ^  practical  purposes  they 

'  Handel  gare  to  the  Fonndling  Hospital  an  organ,  with  stops  arranged  to  play 
from  four  flats  to  flre  sharps  (that  is,  with  16  mean-tone  notes  to  the  Octave).  These 
■tops  having  long  heoome  utterly  useless,  hecanse  not  understood,  were  nailed  up  (!), 
and  the  organ  aftefwards  rehuilt,  hut  it  retained  its  old  intonation  under  all  changes. 
Some  time  after  1848  it  was  enlarged  (as  detailed  in  '  Hopkins  on  the  Organ*),  and 
tOEtd  on  the  equal  temperament.  The  organist  (Mr.  C.  Edwin  Willing)  who 
^•ligiiigly  gsre  me  this  information  in  1863,  adds  that  to  his  ear  *  unequal  tempera- 
aeat  is  intolerable,'  meaning  the  mean-tone  temperament  reduced  to  12  notes.  These 
fartf,  however,  establish  not  only  that  Handel  used  it,  but  how  he  proposed  to  remedy 
its  imperfection.    And  Handel  is  commonly  supposed  to  have  written  '  music' 

'  See  below,  p.  500,  and  observe  that  there  is  no  guarantee  for  his  haying  attempted 
a  theoretically  perfect  equal  temperament.  Silberman,'  the  great  organ  builder  of  his 
tioe,  maintained  the  mean-tone  temperament,  and  there  are  anecdotes  of  S.  Bach*s 
4riTing  him  to  distraction  by  using  it  for  unsuitable  keys,  as  F  minor. 

'  •  Harmonics,  or  the  Philosophy  of  Musical  Sounds,'  2nd  edn.  1769,  pp.  166-7. 

*  Bat  very  few  indeed  axe  aware  of  what  the  '  theoretical'  difference  is,  or  that  to 
»«  one  for  the  other  on  systems  of  tuning  where  they  are  distinguished  (as  the  mean- 
tone  svttem,  where  the  difference  is  about  two-fifths  of  an  equal  Semitone)  produces 
ia^ietws  discoids,  and  that  it  was  these  very  *  wolves  *  which  determined  the  present 
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are  r^arded  as  such,  in  pitch,  by  the  greatest  composers.  The  system  of 
"  equal  temperament "  on  which  all  pianofortes  and  most  organs  are  now 
tuned,  is  universally  accepted,  even  by  the  most  skilful  and  refined  per- 
formers on  stringed  instruments,  capable  as  these  are  of  infinite  variety 
of  intonation.  We  may  confidently  adopt  a  mode  of  tuning,  even  though 
it  be  theoretically  incorrect,  which  satisfies  the  ears  of  a  Joachim  [violinist] 
or  a  Piatti  [violoncellist].' 

The  results  of  the  calculations  in  Table  VI.,  division  D  (p.  781), 
founded  on  the  acoustical  and  physiological  theories  of  this  work,  and  fully 
confirmed  by  actual  experiment,  shew  what  the  imiversal  acceptance  of 
equal  temperament  would  compel  the  listener  to  endure.  The  careful 
observations  of  Messrs.  Comu  and  Mercadier  (ibid.,  £,  p.  787),  confirming 
those  of  Prof.  Helmholtz  (p.  640  below,  and  p.  507  with  especial  reference 
to  Joachim's  practice),  prove  that,  even  now,  musicians  who  have  the  com- 
mand of  unfixed  tones  never  use  equal  temperament  in  harmony,  unless 
forced  to  adopt  it  by  a  fixed  tone  accompaniment.  Professor  Helmholtz's 
own  Appendix  XVIII.  bears  witness  to  the  importance  which  he  attaches  to 
the  fact,  that  at  least  one  popular  system  of  teaching  singing  in  England 
adopts  just  intonation  as  its  basis  without  reserve.  History  shews  us,  in- 
deed, that  the  music  of  the  immediate  past  was  a  high  development  of  the 
mean-tone  temperament, — still  the  basis  of  most  of  easting  musical  theory 
and  notation,  though  both  retain  traces  of  Greek  infiuence.  The  demands 
of  modulation,  &r  outstripping  the  mechanical  construction  of  instruments, 
made  equal  temperament  a  temporary  necessity,  and  the  music  of  the  im- 
mediate future  may  possibly  rest  upon  a  high  development  of  some  corre- 
sponding theory,  as  yet  unformulated.  But  no  such  theory  can  reconstruct 
the  eternal  laws  of  elastic  vibration  and  the  human  sensations  of  tone.  If 
then  every  instrument  and  voice  is  to  execute  its  own  melody,  while  all 
blend  together  in  one  harmony,  certain  acoustical  conditions  must  be 
fulfilled,  which  neither  of  the  above  temperaments  can  satisfy.  These 
conditions  have  been  scientifically  evolved,  and  clearly  stated  by  Professor 
Helmholtz  in  the  present  work.  When  the  inspired  musician  of  the  future 
comes  to  know  the  new  mine  of  wealth  thus  placed  at  his  command,  he  is 
not  likely  to  let  his  genius  be  over-ridden  by  a  temperament,  required  only 
for  the  mechanical  convenience  of  a  few  instrumentalists.     The  composer 

rules  for  writing  sharps  and  fiats  in  harmony,  though  the  introduction  of  equal  tem- 
perament has  made  them  as  utterly  meaningless  as  the  English  change  of  pronunciation 
has  rendered  some  of  our  own  historical  orthographies,  and,  like  them,  a  mere  source 
of  difficulty  and  bewilderment  to  learners.  I  have  indeed  heard  musicians  state  that 
the  difficulties  of  musical  notation  were  an  absolute  benefit  to  the  learner,  that 
musical  teachers  are  rejoiced  at  them,  and  "would  not  alter  them  for  the  world.  I  have 
heard  similar  observations  made  on  the  advantages  of  our  spelling  to  children  learning 
to  read.  But  such  opinions  are  utterly  opposed  to  all  I  know  of  the  most  elementary 
principles  of  the  science  and  art  of  education — for  other  subjects. 
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Im  laying  before  the  Public  the  result  of  eight  years'  labour,  I 
must  first  pay  a  debt  of  gratitude.  The  following  investigations 
could  not  have  been  accomplished  without  the  construction  of 
new  instruments,  which  did  not  enter  into  the  inventory  of  a 
Physiological  Institute,  and  which  fietr  exceeded  in  cost  the  usual 
resources  of  a  German  philosopher.  The  means  for  obtaining 
them  have  come  to  me  from  unusual  sources.  The  apparatus  for 
the  artificial  construction  of  vowels,  described  on  pp.  176  to  188 
and  604-7, 1  owe  to  the  munificence  of  his  Majesty  King  Maxi* 
milian  of  Bavaria,  to  whom  German  science  is  indebted,  on  so 
many  of  its  fields,  for  ever-ready  sympathy  and  assistance.  For 
the  construction  of  my  Harmonium  in  perfectly  natural  intona- 
tion,  described  on  p.  492, 1  was  able  to  use  the  Soemmering  prize 
which  had  been  awarded  me  by  the  Senckenberg  Physical  Society 
{die  SencksTiberffische  naturfarachende  OeaeUschaft)  at  Frankfurt- 
on-the-Main.  While  publicly  repeating  the  expression  of  my 
gratitude  for  this  assistance  in  my  investigations,  I  hope  that  the 
investigations  themselves  as  set  forth  in  this  book  will  prove  £Bir 
better  than  mere  words,  how  earnestly  I  have  endeavoured  to 
make  a  worthy  use  of  the  means  thus  placed  at  my  command. 

H.  HELMHOLTZ. 
Hkipki.bkbg  : 

October  1862. 
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Tn  PRESENT   Third  Edition   has   been    much  more  altered  in 
some  parts  than   the  second.      Thus  in  the  sixth  chapter  I  have 
been  able   to  make  use  of  the  new  physiological  and  anatomical 
researches  on  tlie  ear.     This  has  led  to  a  modification  of  my  view 
of  the  action  of  Corti's  arches.     Again,  it  appears  that  the  pecu- 
liar articulation  between  the  auditory  ossicles  called  ^  hammer ' 
and  ^  anvil '  might  easily  cause  within  the  ear  itself,  the  forma- 
tion of  harmonic  upper  partial  tones  for  simple  tones  which  are 
sounded   loudly.     By  this  means  that  peculiar  series  of  upper 
partial  tones,  on  the  existence  of  which  the  present  theory  of 
music  is  essentially  founded,  receives  a  new  subjective  value, 
entizely  independent  of  external  alterations  in  the  quality  of  tone. 
To  illustrate  the  anatomical  descriptions,  I  have  been  able  to  add 
a  series  of  new  woodcuts,  principally  from  Henle's  Manual  of 
Anatomy,  with  the  author's  permission,  for  which  I  here  take  the 
opportunity  of  publicly  thanking  him. 

I  have  made  many  changes  in  re-editing  the  section  on  the 
Hifltoiy  of  Music,  and  hope  that  I  have  improved  its  connection. 
I  must,  however,  request  the  reader  to  regard  this  section  as  a 
inere  compilation  from  secondary  sources ;  I  have  neither  time 
iMff  preliminary  knowledge  sufficient  for  original  studies  in  this 
extremely  difficult  field.  The  older  history  of  music  to  the 
commencement  of  Discant,  is  scarcely  more  than  a  confused  heap 


XIV  AUTHOR'S  PREFACE  TO 

of  secondary  subjects,while  we  can  only  make  hypotheses  concerning 
the  principal  matters  in  quest.  Of  course,  however,  every  theory 
of  music  must  endeavour  to  bring  some  order  into  this  chaos,  and 
it  cannot  be  denied  that  it  contains  many  important  facts. 

For  the  representation  of  pitch  in  just  or  natural  intonation, 
I  have  abandoned  the  method  originally  proposed  by  Hauptmann, 
which  was  not  suflSciently  clear  in  involved  cases,  and  have  adopted 
the  system  of  Herr  A.  von  Oettingen,  as  had  already  been  done 
in  M.  G-.  Ou^roult's  French  translation  of  this  book. 

[A  comparison  of  the  Third  with  the  Second  editions,  shewing  the  changes  and 
additions  individually,  is  here  omitted.] 

If  I  may  be  allowed  in  conclusion  to  say  a  few  words  on  the 
reception  experienced  by  the  Theory  of  Music  here  propounded, 
I  should  say  that  published  objections  almost  exclusively  relate  to 
my  Theory  of  Consonance,  as  if  this  were  the  pith  of  the  matter. 
Those  who  prefer  mechanical  explanations  express  their  regret 
at  my  having  left  any  room  in  this  field  for  the  action  of  artistic 
invention  and  esthetic  inclination,  and  they  have  endeavoured  to 
complete  my  system  by  new  numerical  speculations.  Other  critics 
with  more  metaphysical  proclivities  have  rejected  my  Theory  of 
Cionsonance,  and  with  it,  as  they  imagine,  my  whole  Theory  of 
Music,  as  too  coarsely  mechanical. 

I  hope  my  critics  will  excuse  me  if  I  conclude  &om  the  oppo- 
site nature  of  their  objections,  that  I  have  struck  out  nearly  the 
right  path.  As  to  my  Theory  of  Consonance,  I  must  claim  it  to 
be  a  mere  systematisation  of  observed  facts  (with  the  exception 
of  the  functions  of  the  cochlea  of  the  ear,  which  is  moreover  an 
hypothesis  that  may  be  entirely  dispensed  with).  But  I  consider 
it  a  mistake  to  make  the  Theory  of  Consonance  the  essential  foun- 
dation of  the  Theory  of  Music,  and  I  had  thought  that  this  opinion 
was  clearly  enough  expressed  in  my  book.  The  essential  basis  of 
Music  is  Melody.  Harmony  has  become  to  Western  Europeans 
during  the  last  three  centuries  an  essential,  and,  to  our  present 
taste,  indispensable  means  of  strengthening  melodic  relations,  but 
finely  developed  music  existed  for  thousands  of  years  and  still 
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exists  in    ultra-European  nations,  without  any  harmony  at  all. 

And  to  my  metaphysico-esthetical  opponents  I  must  reply,  that  I 

cannot  tbink  I  have  undervalued  the  artistic  emotions  of  the  human 

mind  in  the  Theory  of  Melodic  Construction,  by  endeavouring  to 

establish    the    physiological   fects   on   which   esthetic  feeling  is 

based.     But  to  those  who  think  I  have  not  gone  far  enough  in 

my  physical  explanations,  I  answer,  that  in  the  first  place  a  natural 

philosopher  is  never  bound  to  erect  systems  about  everything  he 

knows  and  does  not  know ;  and  secondly,  that  I  should  consider  a 

theory  which   claimed  to  have  shewn  that  all  the  laws  of  modem 

Thorough  Bass  were  natural  necessities,  to  stand  condemned  as 

having  proved  too  much. 

MusieianB  have  found  fault  with  the  manner  in  which  I  have 
characterised  the  Minor  Mode.  I  must  refer  in  reply  to  those 
Teiy  accessible  documents,  the  musical  compositions  of  A.D.  1500 
to  A.D.  1750,  during  which  the  modem  Minor  was  developed. 
These  will  ehew  how  slow  and  fluctuating  was  its  development, 
and  that  the  last  traces  of  its  incomplete  state  are  still  visible  in 
the  works  of  Sebastian  Bach  and  Handel. 

H.  HBLMIIOLTZ. 


May  1870. 


Addendum. 

Since  pp.  724-741  were  printed  off,  the  lecond  and  concluding  part  of  Herr  von 
Qnanten's  paper  on  Professor  Uelmholtz's  '  Vowel  Theory '  has  appeared  (Pogg.  Ann. 
Tol.  154,  pp.  522-552).  Herr  von  Quanten  concludes  (ibid.  p.  551)  that  *the  investi- 
gations into  the  nature  of  Towel  sounds  cannot  be  regarded  as  completed,'  and  that 
'tluni£^  Helmholtz  has  made  important  contributions  towards  the  solution  of  this 
■dentific  question,  he  has  not  succeeded  in  answering  it,'  and  he  does  not  attempt  to 
answer  it  himself. 

It  would  be  quite  impracticable  within  the  limits  of  an  *  Addendum'  to  enter  upon 
the  new  matters  thus  introduced.  Many  have  been  anticipated,  and,  although  others 
might  require  much  additional  examination,  it  does  not  appear  necessary  to  modify  the 
remarks  already  made  on  pp.  724-741  below. 


Errata. 

p.  186,  note  2,  line  2,  for:  Sieler,  read:  Seiler. 

p.  299,  note  2,  line  8  ftom  bottom,  for :  but  I  do  not  find  that  he  has  raised 
it,  read :  as  he  has  noted,  p.  zzzri  and  elsewhere. 

p.  418,  table,  line  5,  Doric,  for:  e — d — eb —  &c.,  read:  e — db — rb—  &c. 

p.  704,  line  8  from  bottom, /or:  and  when,  read:  as  when. 
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INTRODUCTION. 

b  tlie  present  i^ork  an  attempt  will  be  made  to  form  a  connection 
between  the   lx>\iiidaries  of  two  sciences,  which,  although  drawn 
together  by  many  natural  relations,  have  hitherto  remained  suffi- 
ciently distinct — the  boundaries  of  physical  and  physiological 
acoustics  on   the  one  side,  and  of  musical  science  and  esthetics 
on  the  other.      The  class  of  readers  addressed  will,  consequently, 
have  had  very  diflFerent  cultivation,  and  will  be  affected  by  very 
different  interests.     It  will  therefore  be  best  for  the  author  at  the 
outset  distinctly  to  state  his  intention  in  undertaking  the  work, 
and  the  aim  he  has  sought  to  attain.     The  horizons  of  physics,  phi- 
losophy, and  art  have  of  late  been  too  widely  separated,  and,  as  a 
consequence,  the  language,  the  methods,  and  the  aims  of  any  one 
of  these  studies  present  a  certain  amount  of  difficulty  for  the 
student  of  any  other  of  them ;  and  possibly  this  is  the  principal 
cause  why  the  problem  here  undertaken  has  not  been  long  ago 
more  thoroughly  considered  and  advanced  towards  its  solution. 

It  is  true  that  acoustics  constantly  employs  conceptions  and 
names  borrowed  from  the  theory  of  harmony,  and  speaks  of  the 
'scale,'  ^intervals,'  ^consonances,'  and  so  forth;  and  similarly, 
manuals  of  Thorough  Bass  generally  begin  with  a  physical  chapter 
which  speaks  of  *  the  numbers  of  vibrations,'  and  fixes  their  *  ratios' 
for  the  different  intervals ;  but,  up  to  the  present  time,  this  appa- 
rent connection  of  acoustics  and  music  has  been  wholly  external, 
and  may  be  regarded  rather  as  an  expression  given  to  the  feeling 
that  such  a  connection  must  exist,  than  its  actual  formulation. 
Physical  knowledge  may  indeed  have  been  useful  for  musical  in- 
^tnunent  makers,  but  for  the  development  and  foimdation  of  the 
^ry  of  harmony  it  has  hitherto  been  totally  barren.  And  yet 
^  essential  facts  within  the  field  here  to  be  explained  and  turned 
^J>rofit,  have  been  known  from  the  earliest  times.  Even  Pythu- 
*  B 
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goras  (fl.  circa  B.C.  540-510)  knew  that  when  strings  of  diflFerent 
lengths  but  of  the  same  make,  and  subjected  to  the  same  strain 
were  used  to  give  the  perfect  consonances  of  the  Octave,  Fifth,  or 
Fourth,  their  lengths  must  be  in  the  ratios  of  1  to  2,  2  to  3,  or  3  to 
4  respectively,  and  if,  as  is  probable,  his  knowledge  was  partly 
derived  from  the  Egyptian  priests,  it  is  impossible  to  conjecture 
in  what  remote  antiquity  this  law  was  first  known.  Later  physics 
has  extended  the  law  of  Pjrthagoras  by  passing  from  the  lengths 
of  strings  to  the  number  of  vibrations,  and  thus  making  it  appli- 
cable to  the  tones  of  all  musical  instruments,  and  the  numerical 
relations  4  to  5  and  5  to  6  have  been  added  to  the  above  for  the 
less  perfect  consonances  of  the  major  and  minor  Thirds,  but  I  am 
not  aware  that  any  real  step  was  ever  made  towards  answering  the 
question :  What  have  musical  consonances  to  do  with  the  radios  of 
the  first  six  numbers  f  Musicians,  as  well  as  philosophers  and 
physicists,  have  generally  contented  themselves  with  saying  in 
effect  that  human  minds  were  in  some  unknown  manner  constituted 
so  as  to  elicit  the  numerical  relations  of  the  vibrations  of  tones, 
and  have  a  peculiar  pleasure  in  contemplating  simple  and  readily 
comprehensible  ratios. 

Meanwhile  musical  esthetics  has  made  unmistakable  advances 
in  those  points  which  depend  for  their  solution  rather  on  psycho- 
logical feeling  than  on  the  action  of  the  senses,  by  introducing  the 
conception  o{  progression  in  the  examination  of  musical  works  of 
art.  £.  HansUck,  in  his  book  '  on  the  Musically  Beautiful '  (  Ueber 
das  musikoMsch  Schime),  triumphantly  attacked  the  false  stand- 
point of  exaggerated  sentimentality,  from  which  it  was  fashionable 
to  theorise  on  music,  and  referred  the  critic  to  the  simple  elements 
of  melodic  progression.  The  esthetic  relations  for  the  structure 
of  musical  compositions,  and  the  characteristic  differences  of 
individual  forms  of  composition,  are  explained  more  fully  in 
Vischer's  '  Esthetics '  {Aesthetik).  In  the  inorganic  world  the 
kind  of  motion  seen,  reveals  the  kind  of  moving  force  in  action 
and  in  the  last  resort  the  only  method  of  recognising  and  measiuring 
the  elementary  powers  of  nature  consists  in  determining  the 
motions  they  generate,  and  this  is  also  the  case  for  the  motions 
of  bodies  or  of  voices  which  take  place  under  the  influence  of 
human  feelings.  Hence  the  properties  of  the  progressions  or 
motions  of  tone  which  possess  a  graceful,  dallying,  heavy,  forced, 
dull,  powerful,  quiet,  exciting  character,  and  so  on,  chiefly  depend 
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OQ  peycholc^ieal   action.    In  the  same  way  questions  relating  to 
the  equilibrium   of  the  separate  parts  of  a  composition,  to  their 
de?elopment  from  one  another  and  their  connection  as  one  clearly 
intelligible  inrliole,  bear  a  close  analogy  to  similar  questions  in 
irchitecture.      But  all  such  investigations,  however  fertile  they 
may  have  been,  cannot  have  been  otherwise  than  imperfect  and 
imoertain,  so   long  as  they  were  without  their  proper  origin  and 
foundation,  tbat  is,  so  long  as  there  was  no  scientific  foundation 
for  their  elementary  rules  relating  to  the  construction  of  scales, 
chords,  keys  and  modes,  in  short,  to  all  that  is  usually  contained 
in  works  on  *  Thorough  Bass.'     In  this  elementary  region  we  have 
to  deal  not  merely  with  unfettered  artistic  inventions,  but  with 
the  natural  power  of  inmiediate  sensation.     Music  stands  in  a 
much  closer  connection  with  pure  sensation  than  any  of  the  other 
arts.     The  latter  rather  deal  with  what  the  senses  apprehend,  that 
is  with  the  images  of  outward  objects,  collected  by  psychical  pro- 
cesses from  inmiediate   sensation.     Poetry  aims  most  distinctly 
It  merely  exciting  the  formation  of  images,  by  addressing  itself 
especially  to  imagination  and  memory,  and  it  is  only  by  subordi- 
nate auxiliaries  of  a  more  musical  description,  such  as  rhythm, 
ind  imitations  of  soimds,  that  it  appeals  to  the  immediate  sensa- 
tion of  hearing.     Hence  its  effects  depend  mainly  on  psychical 
action.     The  plaetic  arts^  although  they  make  use  of  the  sensa- 
tion of  sight,  address  the  eye  almost  in  the  same  way  as  poetry 
iddresses  the  ear.      Their  main  purpose  is  to  excite  in  us  the 
image  of  an  external  object  of  determinate  form  and  colour.     The 
spectator  is  essentially  intended  to  interest  himself  in  this  image, 
and  enjoy  its  beauty ;  not  to  dwell  upon  the  means  by  which  it 
was  created.     It  must  at  least  be  allowed  that  the  pleasure  of 
a  connoisseur  or  virtuoso  in  the  constructive   art   shewn  in  a 
statue  or  a  picture,  is  not  an  essential  portion  of  general  artistic 
enjoyment. 

It  is  only  in  painting  that  we  find  colour  as  an  element  which 
IB  directly  appreciated  by  sensation,  without  any  inter\  ening  act 
of  the  intellect.  On  the  contrary,  in  rauaic^  the  sensations  of  tone 
are  the  material  of  the  art.  So  feu*  as  these  sensations  are  excited 
in  music,  we  do  not  create  out  of  them  any  images  of  external 
objects  or  actions.  Again,  when  in  hearing  a  concert  we  recognise 
one  tone  as  due  to  a  violin  and  another  to  a  clarinet,  our  artistic 
enjoyment  does  not  depend  upon  our  conception  of  this  action  of  a 
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violin  or  clarinet,  but  solely  on  our  hearing  of  the  tones  they  pro- 
duce, whereas  the  artistic  enjoyment  resulting  from  viewing  a 
marble  statue  does  not  depend  on  the  white  light  which  it  reflects 
into  the  eye,  but  upon  the  mental  image  of  the  beautiful  human 
form  which  it  calls  up.  In  this  sense  it  is  clear  that  music  has  a 
more  immediate  connection  with  pure  sensation  than  any  other  of 
the  fine  arts,  and,  consequently,  that  the  theory  of  the  sensations 
of  hearing  is  destined  to  play  a  much  more  important  part  in 
musical  esthetics,  than,  for  example,  the  theory  of  chiaroscuro  or 
of  perspective  in  painting.  Those  theories  are  certainly  useful  to 
the  artist,  as  means  for  attaining  the  most  perfect  representation 
of  nature,  but  they  have  no  part  in  the  artistic  effect  of  his  work. 
But  in  music  no  such  perfect  representation  of  nature  is  aimed  at ; 
tones  and  the  sensations  of  tone  exist  for  themselves  alone,  and 
produce  their  eff'ects  independently  of  anything  behind  them. 

This  theory  of  the  sensations  of  hearing  belongs  to  natiural 
science,  and  comes  in  the  first  place  under  physiological  acoustics. 
Hitherto  it  is  the  physical  part  of  the  theory  of  sound  that 
has  been  almost  exclusively  treated  at  length,  that  is,  the  investi- 
gations refer  exclusively  to  the  motions  produced  by  solid,  liquid, 
or  gaseous  bodies  when  they  occasion  the  sounds  which  the  ear 
appreciates.  This  physical  acoustics  is  essentially  nothing  but  a 
section  of  the  theory  of  the  motions  of  elastic  bodies.  It  is  phy- 
sically indifferent  whether  observations  are  made  on  stretched 
strings,  by  means  of  spirals  of  brass  wire,  (which  vibrate  so  slowly 
that  the  eye  can  easily  follow  their  motions,  and,  consequently,  do 
not  excite  any  sensation  of  sound,)  or  by  means  of  a  violin  string, 
(where  the  eye  can  scarcely  perceive  the  vibrations  which  the  ear 
readily  appreciates).  The  laws  of  vibratory  motion  are  precisely 
the  same  in  both  cases ;  its  rapidity  or  slowness  does  not  affect  the 
laws  themselves  in  the  slightest  degree,  although  it  compels  the 
observer  to  apply  different  methods  of  observation,  the  eye  for  one 
and  the  ear  for  the  other.  In  physical  acoustics,  therefore,  the 
phenomena  of  hearing  are  taken  into  consideration  solely  because 
the  ear  is  the  most  convenient  and  handy  means  of  observing  the 
more  rapid  elastic  vibrations,  and  the  physicist  is  compelled  to 
study  the  peculiarities  of  the  natural  instrument  which  he  is  era- 
ploying,  in  order  to  control  the  correctness  of  its  indications.  In 
this  way,  although  physical  acoustics  as  hitherto  pursued,  has,  un- 
doubtedly, collected  many  observations  and  much  knowledge  con- 
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ceming  the  action  of  the  ear,  which,  therefore,  belong  to  physiolcH 
gicd  acoustics  J  these  results  were  not  the  principal  object  of  its 
investigations  ;  they  were  merely  secondary  and  isolated  facts. 
The  only  justification  for  devoting  a  separate  chapter  to  acoustics 
in  the  theory  of  the  motions  of  elastic  bodies,  to  which  it  essentially 
belongs,  is  that  the  application  of  the  ear  as  an  instrument  of 
research,  influenced  the  nature  of  the  experiments  and  the  methods 
of  observation. 

But  in  addition  to  d^  physical  there  is  a  physiological  theory  of 
acoustics^  the  aim  of  which  is  to  investigate  the  processes  that 
take  place  within  the  ear  itself.     The  section  of  this  science  which 
treats  of  the  conduction  of  the  motions  to  which  sound  is  due,  from 
the  entrance  of  the  external  ear  to  the  expansions  of  the  nerves  in 
the  labyrinth  of  the   inner  ear,  has   received   much   attention, 
especially  in  Germany,  since   ground  was  broken   by  Johannes 
Mueller.     At  the  same  time  it  must  be  confessed  that  not  many 
results  have  as  yet  been  established  with  certainty.     But  these 
attempts  attacked  only  a  portion  of  the  problem,  and  left  the  rest 
untouched.     Investigations   into   the   processes   of  each   of  our 
organs  of  sense,  have  in  general  three  different  parts.     First  we 
have  to  discover  how  the  agent  reaches  the  nerves  to  be  excited, 
as  light  for  the  eye  and  sound  for  the  ear.     This  may  be  called  the 
physical  part   of  the   corresponding  physiological  investigation. 
Secondly  we  have  to  investigate  the  various  modes  in  wliich  the 
nerves  themselves  are  excited,  giving  rise  to  their  various  sensor- 
lions,  and  finally  the  laws  according  to  which  these  sensations 
result  in  mental  images  of  determinate  external  objects,  that  is, 
in  perceptions.      Hence  we  have  secondly  a  specially  physiolo- 
fjicid  investigation  for  sensations,  and  thirdly,  a  specially  psycho- 
logical investigation  for  perceptions.      Now  whilst  the  physical 
side  of  the  theory  of  hearing  has  been  already  frequently  attacked, 
the  results  obtained  for  ii^  physiological  oxid  psychological  sections 
are  few,  imperfect,  and  accidental.     Yet  it  is  precisely  the  specially 
physiological  part — ^the  theory  of  the  sensations  of  hearing — to 
which  the  theory  of  music  has  to  look  for  the  foundations  of  its 

structure. 

In  the  present  work,  then,  I  have  endeavoured,  in  the  first 
place,  to  collect  and  arrange  such  materials  for  a  theory  of  the 
msatimis  of  hearing  as  already  existed,  or  as  I  was  able  to  add 
from  my  own  personal  investigations.     Of  course  such  a  first 
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attempt  must  necessarily  be  somewhat  imperfect,  and  be  limited 
to  the  eloments  and  the  most  interesting  divisions  of  the  subject 
discussed.  It  is  in  this  light  that  I  wish  these  studies  to  be 
regarded.  Although  in  the  propositions  thus  collected  there  is 
little  of  entirely  new  discoveries,  and  although  even  such  appa- 
rently new  facts  and  observations  as  they  contain  are,  for  the 
most  part,  more  properly  to  be  termed  immediate  consequences  of 
carrying  already  known  theories  and  methods  of  investigation 
more  completely  to  their  legitimate  consequences,  and  of  more 
thoroughly  exhausting  their  results  than  had  been  heretofore 
attempted,  yet  I  cannot  but  think  that  the  facts  frequently 
receive  new  importance  and  new  illustration,  by  being  regarded 
from  a  fresh  point  of  view  and  in  a  fresh  connection. 

The  First  Part  of  the  following  investigation  is  essentially 
physical  and  physiological.  It  contains  a  general  investigation 
of  the  phenomenon  of  harmonic  upper  partial  tones.  The  nature 
of  this  phenomenon  is  established,  and  its  relation  to  quality 
of  tone  is  proved.  A  series  of  qualities  of  tone  are  analysed  in 
respect  to  their  harmonic  upper  partial  tones,  and  it  results  that 
these  partial  tones  are  not,  as  was  hitherto  thought,  isolated 
phenomena  of  small  importance,  but  that,  with  very  few  excep- 
tions, they  determine  the  qualities  of  tone  of  almost  all  instru- 
ments, and  are  of  the  greatest  importance  for  those  qualities  of 
tone  which  are  best  adapted  for  musical  purposes.  The  question 
how  the  ear  is  able  to  perceive  these  harmonic  upper  partial 
tones  then  leads  to  an  hypothesis  respecting  the  excitement  of 
the  auditory  nerves,  which  is  well  fitted  to  reduce  all  the  facts 
and  laws  in  this  department  to  a  relatively  simple  mechanical 
conception. 

The  Second  Part  treats  of  the  disturbances  produced  by  the 
simultaneous  production  of  two  tones,  namely  the  combinational 
tones  and  beats.  The  physiologico-physical  investigation  shews  that 
the  only  case  in  which  two  tones  can  be  simultaneously  heard  by  the 
ear  without  mutual  disturbance,  is  when  they  stand  to  each  other 
in  the  perfectly  determinate  and  well-known  relations  of  intervals 
which  form  musical  consonance.  We  are  thus  immediately  intro- 
duced into  the  field  of  music  proper,  and  are  led  to  discover  the 
physiological  reason  for  that  enigmatical  nimierical  relation 
announced  by  Pythagoras.  The  magnitude  of  the  consonant 
intervals  is  independent  of  the  quality  of  tone,  but  the  harmonious- 
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nees  of  the  consonances,  and  the  di^inctness  of  their  separation 
from  dissonances,  depends  on  the  quality  of  tone.  The  conclusions 
of  physiological  theory  here  agree  precisely  with  the  musical  rules 
for  the  formation  of  chords ;  they  even  go  more  into  particulars 
than  it  was  possible  for  the  latter  to  do,  and  have,  as  I  believe,' the 
authority  of  the  best  composers  in  their  £Eivour. 

In  these  first  two  Parts  of  the  book,  no  attention  is  paid  to 
esthetic  considerations.  Natural  phenomena  obeying  a  blind 
necessity,  are  alone  treated.  The  Third  Part  treats  of  the 
construction  of  mtisioal  scaiea  and  notes.  Here  we  come  at  once 
upon  esthetic  ground,  and  the  differences  of  national  and  individual 
taste  b^in  to  appear.  Modem  music  has  especially  developed  the 
principle  of  tonality,  and  all  the  tones  in  a  piece  of  music  are 
itrictly  connected  by  their  relationship  to  one  chief  tone,  called 
the  tonic.  On  admitting  this  principle,  the  results  of  the  pre- 
ceding investigations  furnish  a  method  of  constructing  our  modem 
musical  scales  and  modes,  from  which  all  arbitrary  assumption  is 
excluded. 

I  was  unwilling  to  separate  the  physiological  investigation 
firom  its  musical  consequences,  because  the  correctness  of  these 
consequences  must  be  to  the  physiologist  a  verification  of  the 
correctness  of  the  physical  and  physiological  views  advanced,  and 
the  reader,  who  takes  up  my  book  for  its  musical  conclusions  alone, 
cannot  form  a  perfectly  clear  view  of  the  meaning  and  bearing  of 
these  consequences,  unless  he  has  endeavoured  to  get  at  least  some 
conception  of  their  foundations  in  natural  science.  But  in  order 
to  facilitate  the  use  of  the  book  by  readers  who  have  no  special 
knowledge  of  physics  and  mathematics,  I  have  transferred  to  an 
appendix,  at  the  end  of  the  book,  all  special  instructions  for  per- 
forming the  more  complicated  experiments,  and  also  all  matbe- 
matical  investigations.  In  this  way  I  hope  to  have  consulted  the 
interests  of  both  classes  of  readers. 

It  is  of  course  impossible  for  anyone  to  understand  the  inves- 
tigations thoroughly,  who  does  not  take  the  trouble  of  becoming 
acquainted  by  personal  observation  with  at  least  the  fundamental 
phenomena  mentioned.  Fortunately  the  usual  musical  instru- 
ments render  it  easy  for  anyone  to  become  acquainted  with  har- 
nu>nic  upper  partial  tones,  combinational  tones,  beats,  and  the  like. 
Personal  observation  is  better  than  the  exactest  description,  espe- 
cially when,  as  here,  the  subject  of  investigation  is  an  analysis  of 
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sensations  themselves,  which   are   always   extremely  difficult  to 
describe  to  those  who  have  not  experienced  them. 

In  my  somewhat  unusual  attempt  to  pass  from  natural  philosophy 
into  the  theory  of  the  arts,  I  hope  that  I  have  kept  the  regions  of 
physiology  and  esthetics  sufficiently  distinct-  But  I  can  scarcely 
disguise  from  myself,  that  although  my  researches  are  confined  to 
the  lowest  grade  of  musical  grammar,  they  may  probably  appear  too 
mechanical  and  unworthy  of  the  dignity  of  art,  to  those  theoreticians 
who  are  accustomed  to  use  even  the  enthusiastic  feelings  called 
forth  by  the  highest  works  of  art,  for  the  scientific  investigation 
of  its  Ixisis.  To  these  I  would  simply  remark  in  conclusion,  that 
the  following  investigation  really  deals  only  with  the  analysis  of 
actually  existing  sensations — that  the  physical  methods  of  obser- 
vation employed  are  almost  solely  meant  to  facilitate  and  assure  the 
work  of  this  analysis  and  check  its  completeness — and  that  this 
analysis  of  the  sensations  would  suffice  to  furnish  the  results 
required  for  musical  theory,  even  independently  of  my  physiological 
hypothesis  concerning  the  mechanism  of  hearing,  but  that  I  was 
imwilling  to  omit  that  hypothesis  because  it  is  so  well  suited  to 
furnish  an  extremely  simple  connection  between  all  the  very 
various  and  very  complicated  phenomena  which  present  themselves 
in  the  course  of  this  investigation. 
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CHAPTER    L 

ON   THB  SENSATION  OF  SOUND  IN  OENEBAL.' 

Sensations  result  from  the  action  of  an  external  stimulus  on  the 
lensitive  apparatus  of  our  nerves.  Kinds  of  sensation  differ,  partly 
with  the  organ  of  sense  excited,  and  partly  with  the  kind  of  stim- 
ulus  employed.  Each  organ  of  sense  produces  peculiar  sensations, 
which  cannot  be  excited  in  any  other  ;  the  eye  gives  sensations  of 
lights  the  ear  sensations  of  sound,  the  skin  sensations  of  touch. 
Even  when  the  same  sunbeams  which  excite  in  the  eye  sensations 
of  light,  impinge  on  the  skin  and  excite  its  nerves,  they  are  felt 
(mly  as  heat,  not  as  light.  In  the  same  way  the  vibration  of 
elastic  bodies  heard  by  the  ear,  can  also  be  felt  by  the  skin,  but  in 
that  case  produce  only  a  whirring  fluttering  sensation,  not  sound. 
The  sensation  of  sound  is  therefore  a  species  of  reaction  against 
external  stimulus,  peculiar  to  the  ear,  and  excitable  in  no  other 
organ  of  the  body,  and  is  completely  distinct  from  the  sensation  of 
any  other  sense. 

As  our  problem  is  to  study  the  laws  of  the  sensation  of  hearing, 
our  first  business  will  be  to  examine  how  many  kinds  of  sensation 
the  ear  can  generate,  and  what  differences  in  the  external  means 
of  excitement  or  sounds  correspond  to  these  differences  of  sensa* 

tiOQ. 

The  first  and  principal  difference  between  various  sounds  ex- 
perienced by  our  ear,  is  that  between  noises  and  musical  tones. 
The  soughing,  howling,  and  whistling  of  the  wind,  the  splashing  of 
water,  the  rolling  and  rumbling  of  carriages,  are  examples  of  the 
first  kind,  and  the  tones  of  all  musical  instruments  of  the  second. 
Noises  and  musical  tones  may  certainly  intermingle  in  very  various 
degrees,  and  pass  insensibly  into  one  another,  but  their  extremes 
tte  widely  separated. 

The  nature  of  the  difference  between  musical  tones  and  noises, 
cm  generally  be  determined  by  attentive  aural  observation  without 
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artificial  assistance.  We  perceive  that  generally,  a  noise  is  ac- 
companied by  a  rapid  alternation  of  different  kinds  of  sensations 
of  sound.  Think,  for  example,  of  the  rattling  of  a  carriage  over 
granite  paving  stones,  the  splashing  or  seething  of  a  waterfall  or 
of  the  waves  of  the  sea,  the  rustling  of  leaves  in  a  wood.  In  all 
these  cases  we  have  rapid,  irregular,  but  distinctly  perceptible 
alternations  of  various  kinds  of  sounds,  which  crop  up  fitfully. 
When  the  wind  howls  the  alternation  is  slow,  the  sound  slowly 
and  gradually  rises  and  then  falls  again.  It  is  more  or  less  possi- 
ble to  separate  restlessly  alternating  soimds  for  the  greater  number 
of  other  noises.  We  shall  hereafter  become  acquainted  with  an 
instrument,  called  a  resonator,  which  will  materially  assist  the  ear 
in  making  this  separation.  On  the  other  hand,  a  musical  tone 
strikes  the  ear  as  a  perfectly  undisturbed,  uniform  sound  which 
remains  unaltered  as  long  as  it  exists,  and  it  presents  no  alterna- 
tion of  various  kinds  of  constituents.  To  this  then  corresponds  a 
simple,  regular  kind  of  sensation,  whereas  in  a  noise  many  varioiis 
sensations  of  musical  tone  are  irregularly  mixed  up  and  as  it  were 
tumbled  about  in  confusion.  We  can  easily  compound  noises  out 
of  musical  tones,  as,  for  example,  by  striking  all  the  keys  con- 
tained in  one  or  two  octaves  of  a  pianoforte  at  once.  This 
shews  us  that  musical  tones  are  the  simpler  and  more  regular 
elements  of  the  sensations  of  hearing,  and  that  we  have  conse- 
quently first  to  study  the  laws  and  peculiarities  of  this  class  of 
sensations. 

Then  comes  the  question  :  On  what  difference  in  the  external 
means  of  excitement  does  the  difference  between  noise  and  musical 
tone  depend  ?  The  normal  and  usual  means  of  excitement  for  the 
human  ear  is  atmospheric  vibration.  The  irregularly  alternating 
sensation  of  the  ear  in  the  case  of  noises  leads  us  to  conclude  that 
for  these  the  vibration  of  the  air  must  also  change  irregularly. 
For  musical  tones  on  the  other  hand  we  anticipate  a  regular  motion 
of  the  air,  continuing  uniformly,  and  in  its  turn  excited  by  an 
equally  regular  motion  of  the  sonorous  body,  whose  impulses  were 
conducted  to  the  ear  by  the  air. 

Those  regular  motions  which  produce  musical  tones  have  been 
exactly  investigated  by  physicists.  They  are  oscillations^  vibror- 
tians,  or  swings,  that  is,  up  and  down,  or  to  and  fro  motions  of 
sonorous  bodies,  and  it  is  necessary  that  these  oscillations  should 
be  regularly  periodic.     By  a  periodic  motion  we  mean  one  which 
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constantly  returns  to  the  same  condition  after  exactly  equal  inter- 
vals of  time.  The  length  of  the  equal  interx-als  of  time  between 
one  state  of  the  motion  and  its  next  exact  repetition,  we  call  the 
length  of  the  oacilUition  vibration  or  swing,  or  the  period  of  the 
motion.  The  kind  of  motion  of  the  moving  body  during  one 
period,  is  perfectly  indifferent.  As  illustrations  of  periodical 
motion,  take  the  motion  of  a  clock  pendidum,  of  a  stone  attached 
to  a  string  and  whirled  round  in  a  circle  with  uniform  velocity,  of 
a  hammer  made  to  rise  and  fall  uniformly  by  its  connection  with 
a  water  wheel.  All  these  motions,  however  different  be  their  form, 
are  periodic  in  the  sense  here  explained.  The  length  of  their 
periods,  which  in  the  cases  adduced  is  generally  from  one  to 
several  seconds,  is  relatively  long  in  comparison  with  the  much 
shorter  periods  of  the  vibrations  producing  musical  tones,  the 
lowest  or  deepest  of  which  makes  at  least  30  in  a  second,  while 
in  other  cases  their  number  may  increase  to  several  thousand  in  a 
second. 

Our  definition  of  periodic  motion  then  enables  us  to  answer  the 
question  proposed  as  follows  : — The  sensation  of  a  musical  tone  is 
du€  to  a  rapid  periodic  motion  of  the  sonorous  body ;  the  sensa- 
tion of  a  noise  to  non-periodic  motions. 

The  musical  vibrations  of  solid  bodies  are  often  visible.  Al- 
though they  may  be  too  rapid  for  the  eye  to  follow  them  singly, 
we  easily  recognise  that  a  sounding  string,  or  tuning  fork,  or  the 
tongoe  of  a  reed-pipe,  is  rapidly  vibrating  between  two  fixed 
limits,  and  the  regular,  apparently  immovable  image  that  we  see, 
notwithstanding  the  real  motion  of  the  body,  leads  us  to  conclude 
that  the  backward  and  forward  motions  are  quite  regular.  In 
other  cases  we  can  feel  the  swinging  motions  of  sonorous  solids. 
Thus,  the  player  feels  the  trembling  of  the  reed  in  the  mouthpiece 
of  a  clarinet,  oboe,  or  bassoon,  or  of  his  own  lips  in  the  naouth- 
P«ce8  of  trumpets  and  trombones. 

The  motions  proceeding  from  the  sounding  bodies  are  usually 
conducted  to  our  ear  by  means  of  the  atmosphere.  The  particles 
of  air  must  also  execute  periodically  recurrent  vibrations,  in  order 
^  excite  the  sensation  of  a  musical  tone  in  our  ear.  This  is 
actually  the  case,  although  in  daily  experience  sound  at  first  seems 
to  be  some  agent,  which  is  constantly  advancing  through  the  air, 
«nd  propagating  itself  further  and  further.  We  must,  however, 
'^^e  distinguish  between  the  motion  of  the  individual  particles  of 
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air — ^which  takes  place  periodically  backwards  and  forwards  within 
very  narrow  limits — and  the  propagation  of  the  sonorous  tremor. 
The  latter  is  constantly  advancing  by  the  constant  attraction  of 
fresh  particles  into  its  sphere  of  tremor. 

This  is  a  peculiarity  of  all  so-called  undulatory  motions. 
Suppose  a  stone  to  be  thrown  into  a  piece  of  calm  water. 
Sound  the  spot  struck  there  forms  a  little  ring  of  wave,  which, 
advancing  equally  in  all  directions,  expands  to  a  constantly  in- 
creasing circle.  Corresponding  to  this  ring  of  wave,  sound  also 
proceeds  in  the  air  from  the  excited  point  and  advances  in  all 
directions  as  &r  as  the  limits  of  the  mass  of  air  extend.  The  pro- 
cess in  the  air  is  essentially  identical  with  that  on  the  surfiice  of 
the  water.  The  principal  diflFerence  consists  in  the  spherical  pro- 
pagation of  sound  in  all  directions  through  the  atmosphere  which 
fills  all  surrounding  space,  whereas  the  waves  of  the  water  can  only 
advance  in  rings  or  circles  on  its  surface.  The  crests  of  the  waves 
of  water  correspond  in  the  waves  of  sound  to  spherical  shells  where 
the  air  is  condensed,  and  the  troughs  to  shells  of  rarefaction.  On 
the  free  surface  of  the  water,  the  mass  on  compression  can  slip 
upwards  and  so  form  ridges,  but  in  the  interior  of  the  sea  of  air, 
the  mass  must  be  condensed,  as  there  is  no  imoccupied  spot  for  its 
escape. 

The  waves  of  water,  therefore,  continually  advance  without 
returning.  But  we  must  not  suppose  that  the  particles  of  water 
of  which  the  waves  are  composed  advance  in  a  similar  manner  to 
the  waves  themselves.  The  motion  of  the  particles  of  water  on  the 
surface  can  easily  be  rendered  visible  by  floating  a  chip  of  wood 
upon  it.  This  will  perfectly  share  the  motion  of  the  adjacent  par- 
ticles. Now,  such  a  chip  is  not  carried  on  by  the  rings  of  wave. 
It  only  bobs  up  and  down  and  finally  rests  on  its  original  spot. 
The  adjacent  particles  of  water  move  in  the  same  manner.  When 
the  ring  of  wave  reaches  them  they  are  set  bobbing ;  when  it  has 
passed  over  them  they  are  still  in  their  old  place,  and  remain  there 
at  rest,  while  the  ring  of  wave  continues  to  advance  towards  fresh 
spots  on  the  surface  of  the  water,  and  sets  new  particles  of  water 
in  motion.  Hence  the  waves  which  pass  over  the  surface  of  the 
water,  are  constantly  built  up  of  fresh  particles  of  water.  What 
really  advances  as  a  wave  is  only  the  tremor,  the  altered  form  of 
the  surface,  while  the  individual  particles  of  water  themselves 
merely  move  up  and  down  transiently,  and  never  depart  far  from 
their  original  position. 
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The  same  relation  is  seen  still  more  clearly  in  the  waves 
of  a  rope  or  chain.  Take  a  flexible  string  of  several  feet  in 
length,  or  a  thin  metal  chain,  hold  it  at  one  end  and  let  the  other 
hang  down,  stretched  by  its  own  weight  alone.  Now,  move  the 
band  by  which  you  hold  it  quickly  to  one  side  and  back  again. 
The  excursion  which  we  have  caused  in  the  upper  end  of  the  string 
b^  moving  the  hand,  will  run  down  it  as  a  kind  of  wave,  so  that 
constantly  lower  parts  of  the  string  will  make  a  sidewards  excursion 
while  the  upper  return  again  into  the  straight  position  of  rest. 
Bat  it  is  evident  that  while  the  wave  runs  down,  each  individual 
particle  of  the  string  can  have  moved  only  horizontal  backwards 
and  forwards,  and  can  have  taken  no  share  at  all  in  the  advance  of 
the  wave. 

The  experiment  succeeds  still  better  with  a  long  elastic  line, 
such  as  a  thick  piece  of  india-rubber,  or  a  brass-wire  spiral  spring, 
from  eight  to  twelve  feet  in  length,  fastened  at  one  end,  and  slightly 
stretched  by  being  held  with  the  hand  at  the  other.  The  hand  is 
then  easily  able  to  excite  waves  which  will  run  very  regularly  to 
the  other  end  of  the  line,  be  there  reflected  and  return.  In  this 
case  it  is  also  evident  that  it  can  be  no  part  of  the  line  itself  which 
runs  backwards  and  forwards,  but  that  the  advancing  wave  is  com- 
posed of  continually  fresh  particles  of  the  line.  By  these  examples 
the  reader  will  be  able  to  form  a  mental  image  of  the  kind  of 
motion  to  which  sound  belongs,  where  the  material  particles  of 
the  body  merely  make  periodical  oscillations,  while  the  tremor  it- 
self is  constantly  propagated  forwards. 

Now  let  us  return  to  the  surface  of  the  water.  We  have  sup- 
posed that  one  of  its  points  has  been  struck  by  a  stone  and  set  in 
motion.  This  motion  has  spread  out  in  the  form  of  a  ring  of  wave 
over  the  surface  of  the  water,  and  having  reached  the  chip  of  wood 
has  set  it  bobbing  up  and  down.  Hence  by  means  of  the  wave,  the 
motion  which  the  stone  first  excited  in  one  point  of  the  surface  of 
the  water  has  been  communicated  to  the  chip  which  was  at  another 
point  of  the  same  surface.  The  process  which  goes  on  in  the  at- 
moepherie  ocean  about  us,  is  of  a  precisely  similar  nature.  For 
the  stone  sabetitute  a  sounding  body,  which  shakes  the  air ;  for 
the  chip  of  wood  substitute  the  human  ear,  on  which  impinge  the 
^ves  of  air  excited  by  the  shock,  setting  its  movable  parts  in 
Ablation.  The  waves  of  air  proceeding  from  a  sounding  body, 
ttin^KNt  the  tremor  to  the  human  ear  exactly  in  the  same  way  as 
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the  water  transports  the  tremor  produced  by  the  stone  to  the  float- 
ing chip. 

In  this  way  also  it  is  easy  to  see  how  a  body  which  itself 
makes  periodical  oscillations,  will  necessarily  set  the  particles  of 
air  in  periodical  motion.  A  falling  stone  gives  the  surface  of  the 
water  a  single  shock.  Now  replace  the  stone  by  a  regular  series 
of  drops  falling  from  a  vessel  with  a  small  orifice.  Every  sepa- 
rate drop  will  excite  a  ring  of  wave,  each  ring  of  wave  will  advance 
over  the  surface  of  the  water  precisely  like  its  predecessor,  and 
will  be  in  the  same  way  followed  by  its  successors.  In  this  manner 
a  regular  series  of  concentric  rings  will  be  formed  and  propagated 
over  the  surface  of  the  water.  The  number  of  drops  which  fall 
into  the  water  in  a  second  will  be  the  number  of  waves  which 
reach  our  floating  chip  in  a  second,  and  the  number  of  times  that 
this  chip  will  therefore  bob  up  and  down  in  a  second,  thus  execut- 
ing a  periodical  motion,  the  period  of  which  is  equal  to  the  in- 
terval of  time  between  the  falling  of  consecutive  drops.  Similarly 
in  the  atmosphere,  a  periodically  oscillating  sonorous  body  pro- 
duces a  similar  periodical  motion,  first  in  the  mass  of  air,  and 
then  in  the  drum  of  our  ear,  and  the  period  of  these  vibrations 
must  be  the  same  as  that  of  the  vibration  in  the  sonorous  body. 

Having  thus  spoken  of  the  principal  division  of  sound  into 
Noise  and  Musical  Tones,  and  then  described  the  general  motion 
of  the  air  for  these 'tones,  we  pass  on  to  the  peculiarities  which 
distinguish  such  tones  one  from  the  other.  We  are  acquainted 
with  three  points  of  difference  in  musical  tones,  confining  our- 
selves in  the  first  place  to  such  tones  as  are  isolatedly  produced 
by  our  usual  musical  instruments,  and  excluding  the  simultaneous 
sounding  of  the  tones  of  different  instruments.  Musical  tones  are 
distinguished : — 

1.  By  their  force  or  Uywdmsss. 

2.  By  their  pitch,  or  relative  height. 

3.  By  their  quality. 

It  is  unnecessary  to  explain  what  we  mean  by  the  force 
and  pitch  of  a  tone.  By  the  quality  of  a  tone  we  mean  that 
peculiarity  which  distinguishes  the  musical  tone  of  a  violin  from 
that  of  a  flute  or  that  of  a  clarinet,  or  that  of  the  human  voice, 
when  all  these  instruments  produce  the  same  note  at  the  same 
pitch. 

We  have  now  to  explain  what  peculiarities  of  the  motion  of 
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found  correspond  to  these  three  priDcipal  differences   between 
musical  tones. 

First,  We  easily  recognise  that  the  force  or  loudness  of  a 
musical  tone  increases  and  diminishes  with  the  extent  or  so-called 
amplUvde  of  the  oscillations  of  the  particles  of  the  sounding 
body.  When  we  strike  a  string,  its  vibrations  are  at  first  suflS- 
ciently  large  for  us  to  see  them,  and  its  corresponding  tone  is 
loudest.  The  visible  vibrations  become  smaller  and  smaller,  and 
at  the  same  time  the  loudness  diminishes.  The  same  observation 
can  be  made  on  strings  excited  by  a  violin  bow,  and  on  the  reeds 
of  reed-pipes,  and  on  many  other  sonorous  bodies.  The  same  con- 
clusion results  from  the  diminution  of  the  loudness  of  a  tone  when 
we  increase  our  distance  from  the  sounding  body  in  the  open  air, 
although  the  pitch  and  quality  remain  unaltered ;  for  it  is  only 
the  amplitude  of  the  oscillations  of  the  particles  of  air  which 
diminishes  as  their  distance  &om  the  sounding  body  increases. 
Hence  loudness  must  depend  on  this  amplitude,  and  none  other  of 
the  properties  of  sound  do  so.^ 

The   second   essential   difference  between  different   musical 
tones   consists   in  their   pitch  or   relative  height.      Daily   ex- 
perience shews  us  that  musical  tones  of  the  same  pitch  can  be 
produced   upon  most  diverse  instruments    by   means  of   most 
diverse  mechanical  contrivances,  and  with  most  diverse  degrees 
of  loudness.      All   the  motions   of  the  air   thus   excited   must 
be  periodic,  because  they  would  not  otherwise  excite  in  us  the 
80[isation  of  a  musical  tone.     But  the  motion  within  each  single 
period  may  be  of  any  kind  whatever,  and  yet  if  the  length 
of  the  periodic  time  of  two  musical  tones  is  the  same,  they  have 
the  same  pitch.     Hence :  Pitch  depends  solely  on  the  length  of 
time  in  which  each  single  vibration  is  executed^  or,  which  comes 
to  the  same  thing,  on  the  vibrational  number  of  the  tone.    We 
are  accustomed  to  take  a  second  of  time  as  the  unit,  and  conse- 
quently mean  by  vibrational  nwmber  the  number  of  vibrations 
which  the  particles  of  a  sounding  body  perform  in  one  second  of 
time.    It  is  self-evident  that  we  find  the  periodic  time  or  vibra^* 


the  foioe  of  tlie  oscillations  for  tones  of  different  piteh  is  measured 
^  their  vis  mwi,  that  is,  bj  the  square  of  the  greatest  Telocity  attained  by  the  oscii- 
l^tioff  particles.  Bat  the  ear  has  different  degrees  of  sensibility  for  tones  of  different 
pitch,  so  that  no  meaeore  can  be  found  for  the  intensity  of  the  sensation  of  sound, 
^  is,  for  the  loudness  of  sound  at  aU  pitches. 

C 
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tional  period,  that  is  length  of  time  which  is  occupied  in  per- 
forming a  single  vibration  backwards  and  forwards,  by  dividing 
one  second  of  time  by  the  vibrational  number. 

Musical  tonea  are  higher y  the  greater  their  vibrational  mtmherj 
that  i«,  the  shorter  is  their  vibraiional  pe7%od. 

The  exact  determination  of  the  vibrational  number  for  such 
elastic  bodies  as  produce  audible  tones,  presents  considerable  diffi- 
culty, and  physicists  had  to  contrive  many  comparatively  compli- 
cated processes  in  order  to  solve  this  problem  for  each  particular 
case.  Mathematical  theory  and  numerous  experiments  had  to 
render  mutual  asistance.  It  is  consequently  very  convenient  for 
the  demonstration  of  the  fundamental  facts  in  this  department  of 
knowledge,  to  be  able  to  apply  a  peculiar  instrument  for  prodao- 
ing  musical  tones — the  so-called  siren — ^which  is  constructed  in 
such  a  manner  as  to  determine  the  vibrational  number  of  the  tone 
produced,  by  a  direct  observation.  The  principal  parte  of  the 
simplest  form  of  the  siren  are  shewn  in  fig.  I,  after  Seebeok. 

A  is  a  thin  disc  of  cardboard  or  tinplate,  which  can  be  set  in 
rapid  rotation  about  its  axle  b  by  means  of  a  string  f  f,  which 
passes  over  a  larger  wheel.  On  the  margin  of  the  disc  there  is 
punched  a  set  of  boles  at  equal  intervals :  of  these  there  are  twelve 

Fra  J. 

in  the  figure ;  one  or  more  similar  series  of  holes  at  equal  dis- 
tances are  introduced  on  concentric  circles,  (there  is  one  such  of 
eight  holes  in  the  figure),  c  is  a  pipe  which  is  directed  over  one 
of  the  holes.  Xow,  on  setting  the  disc  in  rotation  and  blowing 
through  the  pipe  c,  the  air  will  pass  freely  whenever  one  of  the 
boles  passes  the  end  of  the  pipe,  but  will  be  checked  whenever  an 
tmpierced  portion  of  the  disc  comes  befure  it.  Each  hole  of  the 
disc,  tbeo,  that  passes  the  end  of  the  pipe  lets  a  single  puff  of  air 
escape.     Supposing  the  disc  to  make  a  single  revolution  and  the 
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pipe  to  be  directed  to  the  oater  circle  of  holes,  we  have  twelve 
pojb  corresponding  to  the  twelve  holes ;  bat  if  the  pipe  is  directed 
to  the  inner  circle  we  have  only  eight  puffs.  If  the  disc  is  made 
to  revolve  ten  times  in  one  second,  the  outer  circle  would  produce 
130  puffs  in  one  second,  which  would  give  rise  to  a  weak  and  deep 
musical  tone,  and  the  inner  circle  eighty  puffs.  Generally,  if  we 
know  the  number  of  revolutions  which  the  disc  makes  in  a  second, 
ud  the  number  of  holes  in  the  series  to  which  the  tube  is 
directed,  the  product  of  these  two  numbers  evidently  gives  the 
number  of  puffs  in  a  second.     This  number  is  consequently  far 


Mder  to  determine  exactly  than  in  any  other  musical  instrument, 
■nd  sirens  are  accordingly  extremely  well  adapted  for  studying  all 
changes  in  musical  tones  resulting  from  the  alterations  and  ratios 
of  the  vibrational  nmnbern. 


20  PITCH  AND   VIBRATIONAL  NUMBEB.  Pam  L 

The  form  of  siren  here  described  gives  only  a  weak  tone.  I 
have  placed  it  first  because  its  action  can  be  most  readily  under- 
stood, and,  by  changing  the  disc,  it  can  be  easily  applied  to  expe- 
riments of  very  different  descriptions.  A  stronger  tone  is  produced 
in  the  siren  of  Cagniard  de  la  Tour,  shewn  in  figures  2,  3,  and  4, 
p.  19.  Here  s  s  is  the  rotating  disc,  of  which  the  upper  surface  is 
shewn  in  fig.  3,  and  the  side  is  seen  in  figs.  2  and  4.  It  is  placed 
over  a  windchest  A  A,  which  is  connected  with  a  bellows  by  the 
pipe  BB.  The  cover  of  the  windchest  A  A,  which  lies  immediately 
under  the  rotating  disc  s  s,  is  pierced  with  precisely  the  same 
number  of  holes  as  the  disc,  and  the  direction  of  the  holes  pierced 
in  the  cover  of  the  chest  is  oblique  to  that  of  the  holes  in  the  disc, 
as  shewn  in  fig.  4,  which  is  a  vertical  section  of  the  instrument 
through  the  line  nn  in  fig.  3.  This  position  of  the  holes  enables 
the  wind  escaping  from  A  A  to  set  the  disc  ss  in  rotation,  and  by 
increasing  the  pressure  on  the  bellows,  as  much  as  50  or  60  rota- 
tions in  a  second  can  be  produced.  Since  all  the  holes  of  one 
circle  are  blown  through  at  the  same  time  in  this  siren,  a  much 
more  powerful  tone  is  produced  than  in  Seebeck's,  fig.  !•  To 
record  the  revolutions,  a  counter  zz  is  introduced,  connected 
with  a  toothed  wheel  which  works  in  the  screw  t,  and  advances 
one  tooth  for  each  revolution  of  the  disc  s  s.  By  the  handle  h 
this  counter  may  be  moved  slightly  to  one  side,  so  that  the  wheel- 
work  and  screw  may  be  connected  or  disconnected  at  pleasure* 
If  they  are  connected  at  the  beginning  of  one  second,  and  discon- 
nected at  the  beginning  of  another,  the  hand  of  the  counter  shews 
how  many  revolutions  of  the  disc  have  been  made  in  the  corre- 
sponding number  of  seconds.^ 

Dove '  introduced  into  this  siren  several  rows  of  holes  into 
which  the  wind  might  be  directed,  or  fr^m  which  it  might  be 
cut  off,  at  pleasure.  A  polyphonic  siren  of  this  description  with 
other  peculiar  arrangements  will  be  figured  and  described  in 
Chapter  VIII. 

It  is  clear  that  when  the  pierced  disc  of  one  of  these  sirens  is 
made  to  revolve  with  a  uniform  velocity,  and  the  air  escapes 
through  the  holes  in  puffs,  the  motion  of  the  air  thus  produced 
must  be  periodic  in  the  sense  already  explained.  The  holes  stand 
at  equal  intervals  of  space,  and   hence  on  rotation  follow  each 

*  See  Appendix  I.  *  [Pronounce  Do-tfe,  in  two  syllables. — Translator  J] 
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other  at  equal  intervals  of  time.  Through  eveiy  hole  there  is 
poured,  as  it  were,  a  drop  of  air  into  the  external  atmospheric 
ocean,  exciting  waves  in  it,  which  succeed  each  other  at  uniform 
intenrals  of  time,  just  as  was  the  case  when  regularly  {iedling  drops 
impinged  upon  a  surface  of  water  (p.  16).  Within  each  separate 
period,  each  individual  puff  will  have  considerable  variations  of 
form  in  sirens  of  different  construction,  depending  on  the  different 
diameters  of  the  boles,  their  distance  from  each  other,  and  the 
shape  of  the  extremity  of  the  pipe  which  conveys  the  air ;  but  in 
every  case,  as  long  as  the  velocity  of  rotation  and  the  position  of 
the  pipe  remain  unaltered,  a  regularly  periodic  motion  of  the 
&ir  must  result,  and  consequently  the  sensation  of  a  musical  tone 
must  be  excited  in  the  ear,  and  this  is  actually  the  case. 

It  results  immediately  from  experiments  with  the  siren  that 
two  series  of  the  same  number  of  holes  revolving  with  the  same 
Telocity,  give  musical  tones  of  the  same  pitch,  quite  independently 
of  the  size  and  form  of  the  holes,  or  of  the  pipe.  We  even  obtain 
a  musical  tone  of  the  same  pitch  if  we  allow  a  metal  point  to  strike 
in  the  holes  as  they  revolve  instead  of  blowing.  Hence  it  follows 
firstly  that  the  musical  height  of  a  tone  depends  only  on  the 
number  of  puffs  or  swings,  and  not  on  their  form,  force,  or  method 
of  production.  Further  it  is  very  easily  seen  with  this  instrument 
that  on  increasing  the  velocity  of  rotation,  and  consequently  the 
number  of  puffs  produced  in  a  second,  the  pitch  becomes  sharper 
or  higher.  The  same  result  ensues  if,  maintaining  a  imiform 
Telocity  of  rotation,  we  first  blow  into  a  series  with  a  smaller  and 
then  into  a  series  with  a  greater  nimiber  of  holes.  The  latter 
gives  the  sharper  or  higher  pitch. 

With  the  same  instrument  we  also  very  easily  find  the 
remarkable  relation  which  the  vibrational  numbers  of  two 
musical  tones  must  possess  in  order  to  form  a  consonant  interval. 
Make  a  series  of  8  and  another  of  1 6  holes  on  a  disc,  and  blow 
into  both  sets  while  the  disc  is  kept  at  uniform  velocity  of  rotation. 
Two  tones  will  be  heard  which  stand  to  one  another  in  the  exact 
latio  of  an  Octave.  Increase  the  velocity  of  rotation ;  both  tones 
will  become  sharper,  but  both  will  continue  at  the  new  pitch  to 
form  the  interval  of  an  Octave.  Hence  we  conclude  that  a  rnvsical 
^<me  which  is  an  Octave  higher  tham,  cmother^  makes  exactly  twice 
<u  many  vibrations  vn  a  given  ti/me  as  the  latter. 

The  disc  shewn  in  fig.  1,  p.  18,  has  two  circles  of  8  and  12  holes 
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xespectively.  Each,  blown  successively,  gives  two  tones  which  form 
with  each  other  a  perfect  Fifth,  independently  of  the  velocity  of 
rotation  of  the  disc.  Hence,  two  musical  tones  stand  m  the  relor 
Hon  of  a  so^aUed  Fifth  when  the  higher  tone  makes  three  vibror 
tions  in  the  same  time  as  the  lower  makes  two. 

If  we  obtain  a  musical  tone  by  blowing  into  a  circle  of  8  holes, 
we  require  a  circle  of  16  holes  for  its  Octave,  and  12  for  its  Fifth. 
Hence  the  ratio  of  the  vibrational  numbers  of  the  Fifth  and  the 
Octave  is  12  :  16  or  3  :  4.  But  the  interval  between  the  Fifth 
and  the  Octave  is  the  Fourth,  so  that  we  see  that  when  two 
m/asical  tones  form  a  Fourth^  the  higher  makes  four  vibraiions 
whUe  the  lower  makes  three. 

The  polyphonic  siren  of  Dove  has  usually  four  circles  of  8,  10, 
12  and  16  holes  respectively.  The  series  of  16  holes  gives  the 
Octave  of  the  series  of  8  holes,  and  the  Fourth  of  the  series  of  12 
holes.  The  series  of  12  holes  gives  the  Fifth  of  the  series  of  8 
holes,  and  the  minor  Third  of  the  series  of  10  holes.  While  the 
series  of  10  holes  gives  the  major  Third  of  the  series  of  8  holes. 
The  four  series  consequently  give  the  constituent  musical  tones  of 
a  major  chord. 

By  these  and  similar  experiments  we  find  the  following  reli^ 
tions  of  the  vibrational  numbers : — 


1 

:  2 

Octave 

2   : 

:  3 

Fifth 

3   : 

4 

Fourth 

4  : 

;  5 

major  Third 

5   : 

;  6 

minor  Third 

When  the  ftindamental  tone  of  a  given  interval  is  taken 
an  Octave  higher,  the  interval  is  said  to  be  vnA)erted.  Thus  a 
Fourth  is  an  inverted  Fifth,  a  minor  Sixth  an  inverted  major 
Third,  and  a  major  Sixth  an  inverted  minor  Third.  The  corre- 
sponding ratios  of  the  vibrational  numbers  are  consequently  ob- 
tained by  doubling  the  smaller  number  in  the  original  interval. 

From  2  :  3  the  Fifth,  we  thus  have  3  :  4  the  Fourth 
„      4:5  the  major  Third     ....  5  :  8  the  minor  Sixth 
„      6:6  the  minor  Third,  6  :  10s=3  :  5  the  major  Sixth. 

These  are  all  the  consonant  intervals  which  lie  within  the 
compass  of  an  Octave.    With  the  exception  of  the  minor  Sixth, 
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which  is  really  the  most  imperfect  of  the  above  consonances,  the 
ratios  of  their  vibrational  numbers  are  all  expressed  by  means  of 
the  whole  numbers,  1,  2,  8,  4,  5,  6. 

Comparatively  simple  and  easy  experiments  with  the  siren, 
Uierefore,  corroborate  that  remarkable  law  mentioned  in  the 
introduction  (p.  2),  according  to  which  the  vibrational  numbers  of 
consonant  mujdcal  tones  bear  to  each  other  ratios  expressible  by 
small  whole  numbers.  In  the  course  of  our  investigation  we 
shall  employ  the  same  instrument  to  verify  more  completely  the 
strictness  and  exactness  of  this  law. 

Long  before  anything  was  known  of  vibrational  numbers,  or 
the  means  of  counting  them,  Pythagoras  had  discovered  that  if  a 
string  be  divided  into  two  parts  by  a  bridge,  in  such  a  way  as  to  give 
two  consonant  musical  tones  when  struck,  the  lengths  of  these  parts 
must  be  in  the  ratio  of  these  whole  numbers.  If  the  bridge  is  so 
placed  that  {  of  the  string  lie  to  the  right,  and  ^  on  the  left,  so 
that  the  two  lengths  are  in  the  ratio  of  2  I  1,  they  produce  the 
interval  of  an  Octave,  the  greater  length  giving  the  deeper  tone. 
Placing  the  bridge  so  that  f  of  the  string  lie  on  the  right  and  f 
on  the  left,  the  ratio  of  the  two  lengths  is  3  I  2,  and  the  intervsd 
is  a  Fifth. 

These  measurements  had  been  executed  with  great  precision 
by  the  Crreek  musicians,  and  had  given  rise  to  a  system  of  tones, 
contrived  with  considerable  art.  For  these  measurements  they 
used  a  peculiar  instrument,  the  monochord^  consisting  of  a 
sounding  board  and  box  on  which  a  single  string  was  stretched 
with  a  scale  below,  so  as  to  set  the  bridge  correctly. 

It  was  not  till  much  later  that,  through  the  investigations  of 
Galileo  (1638),  Newton,  Euler  (1729),  and  Daniel  Bemouilli 
(1771),  the  law  governing  the  motions  of  strings  became 
known,  and  it  was  thus  found  that  the  simple  ratios  of  the 
lengths  of  the  strings  existed  also  for  the  vibrational  numbers 
of  the  tones  they  produced,  and  that  they  consequently  belonged 
to  the  musical  intervals  of  the  tones  of  all  instruments,  and  were 
Bot  confined  to  the  strings  through  which  the  law  had  been  first 
discovered. 

This  relation  of  whole  numbers  to  musical  consonances  was 
from  all  time  looked  upon  as  a  wonderful  mystery  of  deep  signifi- 
cance. The  Pythagoreans  themselves  made  use  of  it  in  their 
specolataoiis  on  the  harmony  of  the  spheres.     From  that  time  it 
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remained  partly  the  goal  and  partly  the  starting  pointof  the  strangest 
and  most  venturesome,  fEintastic  or  philosophic  combinations,  till 
in  modem  times  the  majority  of  investigators  adopted  the  notion 
accepted  by  Euler  himself,  that  the  human  mind  had  a  peculiar 
pleasure  in  simple  ratios,  because  it  could  better  imderstand  them 
and  comprehend  their  bearings.  But  it  remained  uninvestigated 
how  the  mind  of  a  listener  not  versed  in  physics,  who  perhaps  was 
not  even  aware  that  musical  tones  depended  on  periodical  vibra- 
tions, contrived  to  recognise  and  compare  these  ratios  of  the 
vibrational  numbers.  To  shew  what  processes  take  place  in  the 
ear  to  render  sensible  the  difference  between  consonance  and 
dissonance,  will  be  onS  of  the  principal  problems  in  the  second 
part  of  this  work. 

Calculation  of  the  Vibrational  Numbers  for  aU  the  Tones  of  the 

Musical  Scale. 

By  means  of  the  ratios  of  the  vibrational  numbers  already 
assigned  for  the  consonant  intervals,  it  is  easy,  by  pursuing  these 
intervals  throughout,  to  calculate  the  ratios  for  the  whole  extent 
of  the  musical  scale* 

The  major  triad  or  chord  of  three  tones,  consists  of  a  major 
Third  and  a  Fifth.     Hence  its  ratios  are : 

ClElO 

or  4  :  6  :  6 

If  we  associate  with  this  triad  that  of  its  dominant  0  I  B  I  Dj 
and  that  of  its  sub-dominant  F  I  A  I  C,  each  of  which  has  one 
tone  in  common  with  the  triad  of  the  tonic  C  I  E  I  O^we  obtain 
the  complete  series  of  tones  for  the  major  scale  of  C,  with  the 
following  ratios  of  the  vibrational  numbers : 

C:  D  :  E  :  F  :  0  :  A  :  B  :c 

[or  24  :  27  :  30  :  32  :  36  :  40  :  45  :  48] 

In  order  to  extend  the  calculation  to  other  octaves,  we  shall 
adopt  the  following  notation  of  musical  tones,  marking  the  higher 
octaves  by  accents  as  is  usual  in  Germany,^  as  follows : 

*  [English  works  use  strokes  above  and  below  the  letters,  which  is  typographically 
inconyenient,  and  would  interfere  with  a  notation  introduced  in  Chap.  XTV.  Hence 
the  German  notation,  which  is  typographically  more  oonrenient,  in  retained.  On 
notation  of  pitch  generally  see  Appendix  XIX.— ThnM^ofor.] 
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1.  The  Unaccented  or  SmaU  Octave  (the  4-foot  Octave  on  the 
Organ): — 


f^    r^       -HS> <^- 


zz 


.^2. 


1  Tke  Onoe-accented  Octave  (2-foot) : — 


i 


"Z^ 


■p  J  ^^^  rw— 


3.  rA«  Twice-aocerUed  Octave  (1-foot): — 

— .isa O 


:q: 


/"        ^' 


;'/ 


Aid  80  on  for  higher  Octaves.  Below  the  small  Octave  lies  the 
great  Octave,  written  with  unaccented  capital  letters ;  its  C  re- 
quires an  organ  pipe  of  eight  feet  in  length,  and  hence  it  is  called 
the  8-foot  Octave. 

4.  Great  or  S-foot  Octave. 


^          p:3          gg 
^^ A t-c 


T     Y      s^      F       o       ^       ^ 

Below  this  follows  the  IS-foot  or  ControrOctave;  the  lowest 
<A  the  pianoforte  and  most  organs,  the  tones  of  which  may  be 
Resented  by  C,  D,  E^  F^  0^  A^  B^  with  an  inverted  accent. 
On  great  organs  there  is  a  still  deeper,  32-foot  Octave,  the  tones 
of  which  may  be  written  C„  D,,  E,,  F,,  (?,,  A^^  B,^ ,  with  two 
ui^erted  accents,  but-  they  scarcely  retain  the  character  of  musical 
tones.    (See  Chap.  IX.) 

Since  the  vibrational  numbers  of  any  Octave  are  always  twice 
u  great  as  those  for  the  next  deeper,  we  find  the  vibrational  num- 
^of  the  higher  tones  by  muUvplyvag  those  of  the  small  or  un- 
^coented  Octave  as  many  times  by  2  as  its  symbol  has  upper  accents. 
And  on  the  contrary  the  vibrational  numbers  for  the  deeper 
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Octaves  are  found  by  (Uviding  those  of  the  great  Octave,  as  often 
as  its  symbol  has  lower  accents. 

Thus  c"  =  2x2xc=2x2x2C 
C^^=  J  X  J  X  C=  J  X  ^  X  J  c. 

For  the  pitch  of  the  musical  scale  German  physicists  have 
generally  adopted  that  proposed  by  Scheibler,  and  adopted  subse- 
quently by  the  German  Association  of  Natural  Philosophers  (die 
deutache  Naturforacherveraammlung)  in  1834.  This  makes  the 
once  accented  of  perform  440  vibrations  in  a  second.*  Hence 
results  the  following  table  for  the  scale  of  G  major,  which  will 
serve  to  determine  the  pitch  of  all  tones  that  are  defined  by  their 
vibrational  numbers  in  the  following  work. 


Notes 

Contra  Octave 
C,toB, 

Great  Octave 
Cto^ 

Unaccented 

Octave 

etob 

Once 

accented 

Octave 

e'toy 

Twice 

accented 

Octave 

e"  10  b" 

Thrice 

accented 

Octave 

e'«to6^' 

Four  timet 

accoited 

Octave 

C 

83 

66 

132 

264 

628 

1066 

2112 

D 

87-126 

74-26 

148-5 

297 

694 

1188 

2376 

E 

41*26 

82-6 

165 

330 

660 

1820 

2640 

F 

44 

88 

176 

352 

704 

1408 

2816 

G 

49*6 

99 

198 

896 

792 

1584 

3168 

A 

66 

110 

220 

440 

880 

1760 

3520 

B 

61-876 

123-76 

247-5 

495 

990 

1080 

3960 

>  The  Pans  Academy  has  lately  fixed  the  vibrational  number  of  the  same  note  a1 
436.  This  is  called  870  by  the  Academy,  because  French  physicists  have  adopted  thi 
inconvenient  habit  of  ooonting  the  forward  motion  of  a  swinging  body  as  one  vibration 
and  the  backward  as  another,  so  that  the  whole  vibration  is  counted  as  two.  [Thif 
French  method  of  counting  is  used  everywhere  for  the  seconds  pendulum.  In  thii 
work  and  in  England  generally,  the  backwards  and  forwards  motion  are  countec 
musically  as  one  vibration,  hence  sometimes  called  '  a  double  vibration.'  In  Englanc 
the  theoretical  pitch  gives  512  as  the  vibrational  number  of  </',  andmoefc  tuning  forks 
such  as  those  issued  by  Mr.  Hullah,  and  the  Tonic  Sol-faists,  profess  to  give  tha 
pitch.  The  Society  of  Arts  adopted  628  for  c^,  as  in  this  table.  Various  othei 
pitches  are  also  in  use.  It  should  be  observed  that  when  *  equal  temperament '  ii 
employed*  and  of  is  taken  as  440,  cf'  is  only  523*25,  and  if  </'  is  taken  as  628,  of  if 
'equal  temperament*  is  443-99  or  nearly  444,  that  is,  considerably  sharper  (nearly  \ 
of  a  comma)  than  Scheiblei's  pitch.  In  the  table  in  the  text  'just  intonation '  i 
adopted.  The  difference  between  the  'just*  and  the  'equally  tempered'  scale,  th* 
latter  of  which  is  now  almost  universally  employed  for  pianofortes  and  organs,  will  b 
explained  in  Chap.  XVI.  As  many  calculations  are  founded  on  the  numbers  given  ii 
this  table,  it  was  thought  best  not  to  reduce  them  to  the  English  theoretical  pitch  ii 
this  translation.  All  the  acoustical  apparatus  of  Koenig  (Appendix  II.)  is,  however 
now  constructed  forc^»612,  unless  otherwise  ordered;  see  the  note  prefixed  to  hii 
eatakgue  of  appuatus  published  in  1865.    See  also  Appendix  XDL — 7yaiukU<fr.'i 
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The  lowest  tone  on  orchestral  instruments  is  the  E^  of  the 
double  bass,  making  41^  vibrations  in  a  second.  Modem  piano- 
fortes and  organs  usually  go  do¥ni  to  C^  with  33  vibrations,  and 
the  latest  grand  pianos  even  dovm  to  A^^  with  21\  vibrations. 
On  larger  organs  as  already  mentioned,  there  is  also  a  deeper 
Octaye  reaching  to  C^^  with  16^  vibrations.  But  the  musical 
duiacter  of  all  these  tones  below  E^  is  imperfect,  because  we  are 
here  near  to  the  limit  of  the  power  of  the  ear  to  combine  vibra- 
tions into  musical  tones.  These  lower  tones  cannot  therefore  be 
nsed  musically  except  in  connection  with  their  higher  Octaves  to 
which  they  impart  a  character  of  greater  depth  without  rendering 
the  conception  of  the  pitch  indeterminate. 

Upwards,  pianofortes  generally  reach  oi'"  with  3520,  or  even 
e^with  4224  vibrations.  The  highest  tone  in  the  orchestra  is 
probably  the  five  times  accented  d^  of  the  piccolo  flute  with  4752 
vihtations.  Despreiz  asserts  that  by  means  of  small  tuning-forks 
excited  by  a  violin  bow  he  has  even  reached  the  eight  times 
accented  d^'"  with  38016  vibrations  in  a  second.  These  high 
tones  were  very  painfully  unpleasant,  and  the  pitch  of  those 
which  exceed  the  boundaries  of  the  musical  scale  was  very  imper- 
fectly discriminated.     More  on  these  limits  in  Chap.  K. 

The  musical  tones  which  can  be  used  with  advantage,  and 
ha?e  clearly  distinguishable  pitch,  have  therefore  between  40  and 
MOO  vibrations  in  a  second,  extending  over  7  Octaves.  Those 
iriiich  are  audible  at  all  have  from  20  to  38000  vibrations, 
extending  over  1 1  Octaves.  This  shews  what  a  great  variety  of 
different  vibrational  numbers  can  be  perceived  and  distinguished 
hj  the  ear.  In  this  respect  the  ear  is  far  superior  to  the  eye, 
which  likewise  distinguishes  light  of  different  periods  of  vibration 
hj  the  sensation  of  different  colours,  for  the  compass  of  the  vibra- 
tions of  light  distinguishable  by  the  eye  little  exceeds  an  Octave. 

L(mdme8s  and  pitch  were  the  two  first  differences  which  we 
faimd  between  musical  tones ;  the  third  was  quality  of  tone,  which 
we  now  have  to  investigate.  If  the  same  note  is  sounded  succes- 
Kvdy  on  a  pianoforte,  a  violin,  clarinet,  oboe,  or  trumpet,  or  by 
the  human  voice,  notwithstanding  its  having  the  same  force  and 
the  same  pitch,  the  musical  tone  of  each  of  these  instruments  is 
different,  and  by  means  of  this  tone  we  recognise  with  the  greatest 
ttie  which  of  these  instruments  wa»  used.  Varieties  of  quality  of 
tone  appear  to  be  infinitely  numerous.     Not  only  do  we  know  a 
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long  series  of  musical  instruments  which  could  each  produce  the 
same  note ;  not  only  do  different  individual  instruments  of  the 
same  form,  and  the  voices  of  different  individual  singers  shew 
certain  more  delicate  shades  of  quality  of  tone,  which  our  ear  is 
able  to  distinguish  ;  but  the  same  note  can  sometimes  be  sounded 
on  the  same  instrument  with  several  qualitative  varieties.  In  this 
respect  the  ^' bowed"  instruments  (i.e.  those  of  the  violin  kind) 
are  distinguished  above  all  other.  But  the  human  voice  is  still 
richer,  and  human  speech  employs  these  very  qualitative  varieties 
of  tone,  in  order  to  distinguish  different  letters.  The  different 
vowels,  namely,  belong  to  the  class  of  sustained  tones  which  can 
be  used  in  music,  while  the  character  of  consonants  mainly 
depends  upon  brief  and  transient  noises. 

On  inquiring  to  what  external  physical  difference  in'the  waves 
of  sound  the  different  qualities  of  tone  correspond,  we  must  re- 
member that  the  amplitude  of  the  vibration  determines  the  force 
or  loudness,  and  the  period  of  vibration  the  pitch.  Quality  of 
tone  can  therefore  depend  upon  neither  of  these.  The  only  pos- 
sible hypothesis,  therefore,  is  that  the  quality  of  tone  should 
depend  upon  the  manner  in  which  the  motion  is  performed  within 
the  period  of  each  single  vibration.  For  the  generation  of  a 
musical  tone  we  have  only  required  that  the  motion  should  be 
periodic,  that  is,  that  in  any  one  single  period  of  vibration  exactly 
the  same  state  should  occur,  in  the  same  order  of  occurrence  as  it 
presents  itself  in  any  other  single  period.  As  to  the  kind  of  motion 
that  should  take  place  within  any  single  period,  no  hypothesis  was 
made.  In  this  respect  then  an  endless  variety  of  motions  might 
be  possible  for  the  production  of  sound. 

Observe  instances,  taking  first  such  periodic  motions  as  are 
performed  so  slowly  that  we  can  follow  them  with  the  eye.  Take 
a  pendulum,  which  we  can  at  any  time  construct  by  attaching  a 
weight  to  a  thread  and  setting  it  in  motion.  The  pendulum 
swings  from  right  to  left  with  a  uniform  motion,  uninterrupted  by 
jerks.  Near  to  either  end  of  its  path  it  moves  slowly,  and  in  the 
middle  t^st.  Among  sonorous  bodies,  which  move  in  the  same 
way,  only  very  much  faster,  we  may  mention  tuning  forks.  When 
a  tuning  fork  is  struck  or  is  excited  by  a  violin  bow,  and  its 
motion  is  allowed  to  die  away  slowly,  its  two  prongs  osciUate 
backwards  and  forwards  in  the  same  way  and  after  the  same  law 
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•8  a  pendulum,  only  they  make  many  hundred  swings  for  each 
angle  swing  of  the  pendulum. 

As  another  example  of  a  periodic  motion,  take  a  hammer 
BOTed  by  a  water  wheel.  It  is  slowly  raised  by  the  millwork, 
then  released,  and  falls  down  suddenly,  is  then  again  slowly  raised, 
md  80  on.  Here  again  we  have  a  periodical  backwards  and  for- 
virds  motion;  but  it  is  manifest  that  this  kind  of  motion  is 
totally  different  from  that  of  the  pendulum.  Among  motions 
iHiich  produce  musical  sounds,  that  of  a  violin  string,  excited  by 
a  bow,  would  most  nearly  correspond  with  this,  as  will  be  seen 
from  the  detailed  description  in  Chap.  V.  The  string  clings  for 
a  time  to  the  bow,  and  is  carried  along  by  it,  then  suddenly 
releases  itself,  like  the  hanmier  in  the  mill,  and,  like  the  latter, 
retreats  somewhat  with  much  greater  velocity  than  it  advanced, 
and  is  again  caught  by  the  bow  and  carried  forward. 

Again,  imagine  a  ball  thro¥ni  up  vertically,  and  caught  on  its 
descent  with  a  blow  which  sends  it  up  again  to  the  same  height, 
umI  suppose  this  operation  to  be  performed  at  equal  intervals  of 
time.  Such  a  ball  would  occupy  the  same  time  in  rising  as  in 
fidling,  but  at  the  lowest  point  its  motion  would  be  suddenly  in- 
terrupted, whereas  above  it  would  pass  through  gradually  dimin- 
ishing speed  of  ascent  into  a  gradually  increasing  speed  of  descent. 
This  then  would  be  a  third  kind  of  alternating  periodic  motion, 
ud  would  take  place  in  a  manner  essentially  different  from  the 
other  two. 

To  render  the  law  of  such  motions  more  comprehensible  to 
the  eye  than  is  possible  by  lengthy  verbal  descriptions,  mathe- 
maticians and  physicists  are  in  the  habit  of  applying  a  graphical 
iDethod,  which  must  be  frequently  employed  in  this  work,  and 
thoold  therefore  be  well  understood. 

To  render  this  method  intelligible  suppose  a  drawing  point  b, 
%•  5,  p.  30,  to  be  fastened  to  the  prong  A  of  a  tuning  fork  in  such 
t  manner  as  to  mark  a  snrfiu^  of  paper  B  B.  Let  the  tuning 
btk  be  moved  with  a  uniform  velocity  in  the  direction  of  the 
^fper  arrow,  or  else  the  paper  be  dravm  under  it  in  the  opposite 
direction,  as  shewn  by  the  lower  arrow.  When  the  fork  is  not 
•ounding,  the  point  will  describe  the  dotted  straight  line  d  c.  But 
if  the  prongs  have  been  first  set  in  vibration,  the  point  will 
^^scribe  the  undulating  line  d  c,  for  as  the  prong  vibrates,  the 
'^^Ached  point  b  will  constantly  move  backwards  and  forwards. 


30 


QUALITY  OF  TONE  AND  FORM  OF  VIBRATION:        PaUt  t 


and  hence  be  sometimes  on  the  right  and  sometimes  on  the  left 
of  the  dotted  straight  line  d  c,  as  is  she¥ni  by  the  wavy  line  in 
the  figure.  This  wavy  line  once  drawn,  remains  as  a  permanent 
image  of  the  kind  of  motion  performed  by  the  end  of  the  fork 
during  its  musical  vibrations.  As  the  point  b  is  moved  in  the 
direction  of  the  straight  line  d  c  with  a  constant  velocity,  equal 

Fig.  5. 


sections  of  the  straight  line  d  c  will  correspond  to  equal  sections 
of  the  time  during  which  the  motion  lasts,  and  the  distance  of  the 
wavy  line  on  either  side  of  the  straight  line  will  shew  how  far  the 
point  b  has  moved  from  its  mean  position  to  one  side  or  the  other 
during  those  sections  of  time. 

In  actually  performing  such  an  experiment  as  this,  it  is  best 
to  wrap  the  paper  over  a  cylinder  which  is  made  to  rotate  uni- 
formly by  clockwork.  The  paper  is  wetted,  and  then  passed  over 
a  turpentine  flame  which  coats  it  with  lampblack,  on  which  a 
fine  and  somewhat  smooth  steel  point  will  easily  trace  delicate 
lines.     Fig.  6  is  the  copy  of  a  drawing  actually  made  in  this  way 

Fio.  6. 


on  the  rotating  cylinder  of  Messrs.  Scott  and  Koenig's  Phonaiuto^ 
graph. 

Fig.  7  shews  a  portion  of  this  curve  on  a  larger  scale.  It  is 
easy  to  see  the  meaning  of  such  a  curve.  The  drawing  point  has 
passed  with  a  uniform  velocity  in  the  direction  c  h.  Suppose  that 
it  has  described  the  section  e  g  in  jV  ^^  *  second.     Divide  e  g 
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iito  18  eqnal  parts,  as  in  the  figure,  then  tlie  point  has  been  ^hi 
<i  t  Kcoad  in  describing  the  length  of  any  such  section  horizon- 
tilly,  and  the  curve  shews  us  on  what  side  and  at  what  distance 
from  the  position  of  rest  the  vibrating  point  will  be  at  the  end 
<i  rin  rlv  ^°<^  ^  **">  ^'^  '^  second,  or,  generally,  at  any  given 
Aoit  interval  of  time  since  it  left  the  point  e.  We  see,  in  the 
figure,  that  after  ji^  o^  &  second  it  had  reached  the  height  1,  and 
that  it  rose  gradually  till  the  end  of  -j^  of  a  second ;  then,  how- 
ever, it  began  to  descend  gradually  till,  at  the  end  of  y^ir^Tir 
■econd,  it  had  reached  its  mean  position  f,  and  then  it  continued 
descending  on  the  opposite  side  till  the  end  of  pfj  of  a  second 
Bid  so  on.  We  can  also  easily  determine  where  the  vibrating 
paint  was  to  be  found  at  the  end  of  any  fraction  of  this  hundred- 
ud-twentieth  of  a  second.     A  drawing  of  this  kind  consequently 
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^en  immediately  at  what  point  of  its  path  a  vibrating  particle 
ii  to  be  found  at  any  given  instant,  and  hence  gives  a  complete 
image  of  its  motion.  If  the  reader  wishes  to  repn>duce  the  motion 
of  the  vibrating  point,  he  has  only  to  cut  a  narrow  vertical  slit  in 
t  piece  of  psper,  and  place  it  over  fig.  6  or  fig.  7,  so  as  to  shew  a 
Toy  small  portioD  of  the  curve  through  the  vertical  slit,  and  draw 
the  book  slowly  but  uniformly  under  the  slit,  from  right  to  left ; 
the  white  or  black  pcnnt  in  the  slit  will  then  appear  to  move 
btekwuda  and  forwards  in  precisely  the  same  manner  as  the  ori- 
giml  drawing  point  attached  to  the  fork,  only  of  course  much 
more  slowly. 

We  are  not  yet  able  to  make  all  vibrating  bodies  describe  their 
vibrations  directly  on  paper,  although  much  progress  has  recently 
lieeB  made  in  the  methods  required  for  this  purpose.  But  we  are 
lUe  ooraelvee  to  draw  such  cur\'es  for  all  sounding  bodies,  when 
ttie  law  of  their  motion  is  known,  that  is,  when  we  know  how  far 
^  TilvatiDg  point  will  be  from  its  mean  position  at  any  given 
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moment  of  time.  We  then  set  ofif  on  a  horizontal  line,  such  as 
e  f,  fig.  7,  lengths  corresponding  to  the  interval  of  time,  and  let 
fall  perpendiculars  to  it  on  either  side,  making  their  lengths 
equal  or  proportional  to  the  distance  of  the  vibrating  point  from 
its  mean  position,  and  then  by  joining  the  extremities  of  these 
perpendiculars  we  obtain  a  curve  such  as  the  vibrating  body  would 
have  dra¥ni  if  it  had  been  possible  to  make  it  do  so. 

Thus  fig.  8  represents  the  motion  of  the  hammer  raised  by  a 
water  wheel,  or  of  a  point  in  a  string  excited  by  a  violin  bow. 
For  the  first  9  intervals  it  rises  slowly  and  uniformly,  and  during 
the  lOth  it  falls  suddenly  down. 


Fig.  8. 


Fio.  9. 
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Fig.  9  represents  the  motion  of  the  ball  which  is  struck  up 
again  as  soon  as  it  comes  down.  Ascent  and  descent  are  per- 
formed with  equal  rapidity,  whereas  in  fig.  8  the  ascent  takes 
much  longer  time.  But  at  the  lowest  point  the  blow  suddenly 
changes  the  kind  of  motion. 

Physicists,  then,  having  in  their  mind  such  curvilinear  forms, 
representing  the  law  of  the  motion  of  sounding  bodies,  speak 
briefly  of  the /orm  of  vibration  of  a  sounding  body,  and  assert 
that  the  quality  of  tone  depends  on  the  form  of  vibraiion.  This 
assertion,  which  physicists  hitherto  based  simply  on  the  fistct  of 
their  knowing  that  the  quality  of  the  tone  could  not  possibly 
depend  on  the  periodic  time  of  a  vibration,  or  on  its  amplitude, 
will  be  strictly  examined  hereafter.  It  will  be  shewn  to  be  so  far 
correct  that  every  different  quality  of  tone  requires  a  different 
form  of  vibration,  but  on  the  other  hand  it  will  also  appear  that 
different  forms  of  vibration  may  correspond  to  the  same  quality  of 
tone. 

On  exactly  and  carefully  examining  the  effect  produced  on  the 
ear  by  different  forms  of  vibration,  as  for  example  that  in  fig.  8, 
corresponding  nearly  to  a  violin  string,  we  meet  with  a  strange 
and  unexpected  phenomenon,  long  known  indeed  to  individual 
musicians   and   physicists,   but  commonly   regarded   as  a   mere 


QuF.L  HARMONIC  UPPEB  PARTIAL  TONES.  33 

curio6ity,  its  generality  and  its  great  significance  for  all  matters 
relating  to  musical  tones  not  having  been  recognised.  The 
ear  when  its  attention  has  been  properly  directed  to  the  eflFect 
of  the  yibrations  which  strike  it,  does  not  hear  merely  that  one 
mu«ical  tone  whose  pitch  is  determined  by  the  period  of  the 
ribrations  in  the  manner  already  explained,  but  in  addition  to 
this  it  becomes  aware  of  a  whole  series  of  higher  musical  tones, 
which  we  will  call  the  ttarmonic  upper  partial  tones,  and  some- 
times simply  the  upper  partiaJs  of  that  musical  tone,  in  contra- 
distinction to  that  first  t^ne,  the  fundarnentaZ  or  prirne  partial 
toM  or  simply  the  prvme,  which  is  the  lowest  and  generally  the 
loudest  of  all,  and  by  whose  pitch  we  judge  of  the  pitch  of  the 
whole  compound  rausical  tone,  or  simply  the  compound.  The 
aeries  of  these  upper  partial  tones  is  precisely  the  same  for  all 
compound  musical  tones  which  correspond  to  a  uniformly  periodical 
motion  of  the  air.     It  is  as  follows : — 

The  first  upper  partial  tone  is  the  upper  Octave  of  the  prime 
tone,  and  makes  double  the  number  of  vibrations  in  the  same 

time.     If  we  call  the  prime  c,  this  upper  octave  will  be  c'. 

The  second  uppw  partial  tone  is  the  Fifth  of  this  Octave,  or 

/,  making  three  times  as  many  vibrations  in  the  same  time  as 

the  prime. 

The  third  upper  partial  tone  is  the  second  higher  Octave  or 

(f\  making  four  times  as  many  vibrations  as  the  prime  in  the 

same  time. 

The  fourth  upper  partial  tone  is  the  major  Third  of  this  second 

higher  Octave,  or  c",  with  five  times  as  many  vibrations  as  the 

prime  in  the  same  time. 

The  fifth  upper  partial  tone  is  the  Fifth  of  the  second  higher 

Octave,  or  ^',  making  six  times  as  many  vibratiofls  as  the  prime 

in  the  same  time. 

And  thus  they  go  on,  becoming  continually  fainter,  to  tones 

making  7,  8,  9,  &c^  times  as  many  vibrations  in  the  same  time, 

as  the  prime  tone*     Or  in  musical  notation 

c  if     ^     /  ^         ^'         /'        6"l7        C"       ^"       c'" 

1  2  3456780        10 

i> 
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where  the  figures  beneath  shew  how  many  times  the  corresponding 
vibrational  nimiber  is  greater  than  that  of  the  prime  tone. 

The  whole  sensation  excited  in  the  ear  by  a  periodic  vibration 
of  the  air  we  have  called  a  musical  tone.  We  now  find  that  this 
is  coTTipound,  containing  a  series  of  different  tones,  which  we 
distinguish  as  the  constituents  or  partial  tones  of  the  corn/pound. 
The  first  of  these  constituents  is  the  prime  partial  tone  of  the 
compound,  and  the  rest  its  Jiarmonic  upper  partial  tones*  The 
number  which  shews  the  m^der  of  any  partial  tone  in  the  series 
shews  how  many  times  its  vibrational  number  exceeds  that  of  the 
prime  tone.*  Thus,  the  second  partial  tone  makes  twice  as  many, 
the  tliird  three  times  as  many  vibrations  in  the  same  time  as 
the  prime  tone,  and  so  on. 

G.  S.  Ohm  was  the  first  to  declare  that  there  is  only  one  form 
of  vibration  which  will  give  rise  to  no  harmonic  upper  partial  tones, 
and  which  will  therefore  consist  solely  of  the  prime  tone.  This  is 
the  form  of  vibration  which  we  have  described  above  as  peculiar  to 
the  pendulum  and  tuning-forks,  and  drawn  in  figs.  6  and  7.  We 
will  call  these  pendular  vibration^^  or,  since  they  cannot  be  ana- 
lysed into  a  compound  of  dififerent  tones,  simple  vifyrations.  In 
what  sense  not  merely  other  musical  tones,  but  all  other  forms 
of  vibration,  may  be  considered  as  compound^  will  be  shewn 
hereafter  (Chap.  IV.)     The  terms  sim^ple  or  pendular  vibrationj^ 

*  [Tho  ordinal  number  of  a  partial  tone  generally,  must  be  distinguished  from  the. 
onlinal  numbe»  of  an  upper  partial  tone  in  particular.  For  the  same  tone  the  former 
nuTnber  is  always  greater  by  unity  than  the  latter,  bectiuse  the  partials  generally 
include  the  prime,  which  is  reckoned  as  the  first,  and  the  npjter  partials  exclude  tlie 
prime,  which  being  the  lowest  partial  is  of  course  not  an  upper  partial  at  all.  Thus 
the  partials  generally  numbered  23456789  are  the  same  as  the 
upper  partials  numbered  1284567     8.    As  even  the  author 

has  occasionally  failed  to  note  this  distinction  in  the  original  German  text,  and  other 
writers  have  constantly  neglected  it,  too  much  weight  cannot  be  here  laid  upon  it. 
The  presence  or  absence  of  the  word  upper  before  the  word  partial  must  always  be 
carefully  observed. — Translator.] 

'  The  law  of  these  vibrations  may  be  popularly  explained  by  means  of  the  con- 
struction in  fig.  10.  Suppose  a  point  to  describe  the  circle  of  which  c  is  the  centre 
with  a  uniform  velocity,  and  that  an  observer  stands  at  a  considerable  distance  in  the 
prolongation  of  the  line  e  h,  so  that  he  does  not  see  the  surface  of  the  circle  but  only 
its  edge,  in  which  case  the  point  will  appear  merely  to  more  up  and  down  along  its 
diameter  a  b.  This  up  and  down  motion  would  take  place  exactly  according  to  the 
law  of  pendular  vibration.  To  represent  this  motion  graphically  by  means  of  a  curve, 
divide  tho  length  e  g,  supposed  to  correspond  to  the  time  of  a  single  period,  into  as 
many  (here  12)  equal  parts  as  the  circumference  of  the  circle,  and  draw  the  perpen- 
diculars 1,  2,  3,  &c,  on  the  diWding  points  of  the  line  eg,  in  order,  equal  in  length 
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be  considered  as  in  itself  a   chord  or   combination   of  various 
simple  tones.* 

'  [The  above  paragraph  relating  to  the  English  terma  used  in  this  translation, 
necessarily  differs  in  many  respects  from  the  original,  in  which  a  justification  is  given 
of  the  use  made  by  the  author  of  certain  German  expressions.    It  has  been  my  object 
to  employ  terms  which  should  be  thoroughly  English,  and  should  not  in  any  way 
recall  the  German  words.    The  word  tone  in  English  is  extremely  ambiguoua.     Prof. 
Tyndall  (Lectures  on  Sound,  2nd  ed.  1869,  p.  117)  has  ventured  to  define  a  tone  as  a 
simple  tone,  in  agreement  with  Prof.  Helmholtz,  who  in  the  present  passage  limits  the 
German  word  Ton  in  the  same  way.    But  I  felt  that  an  English  reader  could  not  be 
safely  trusted  to  keep  this  very  peculiar  and  important  class  of  musical  tones,  which 
he  has  very  rarely  or  never  heard  separately,  invariably  distinct  from  those  musical 
tones  with  which  he  is  familiar,  unless  the  word  tone  were  uniformly  qualified  by  the 
epithet  simple.     The  only  exception  I  could  make  was  in  the  case  of  a  partial  tone, 
which  is  received  at  once  as  a  new  conception.    Even  Prof.  Helmholtz  himself  has  not 
8ucce«»ded  in  using  his  word  Ton  consistently  for  a  simple  tone  only,  and  this  was  an 
additional  warning  to  me.     English  musicians  have  been  also  in  the  habit  of  using 
tone  to  signify  a  certain  musical  interval,  and  semitone  for  half  of  that  interval,  on 
the  equally  tempered  scale.    In  this  case  I  write  Tone  and  Semitone  with  capital 
initials,  a  practice  which  I  have  found  convenient  for  the  names  of  all  intervals,  as 
Thirds,  Fifths,  &c.     Prof.  Helmholtz  uses  the  word  Klang  for  a  musical  tone,  which 
generally,  but  not  always,  means  a  compound  tone.    Prof.  Tyndall  (ibid.  p.  118)  pro- 
poses to  use  the  English  word  clang  in  the  same  sense.     But  clanff  has  already  a 
meaning  in  English,  tlius  defined  by  Webster :  '  a  sharp  shrill  sound,  made  by  striking 
together  metallic  substances,  or  sonorous  bodies,  as  the  clang  of  arms,  or  any  like 
Bound,  as  the  clang  of  trumpets.     This  word  implies  a  degree  of  harshness  in  the 
sound,  or  more  harshness  than  clink*    Interpreted  scientifically,  then,  clang  according 
to  this  definition,  is  either  noise  or  one  of  those  musical  tones  with  inharmonic  upper 
partials,  which  will  be  subsequently  explained.     It  is  therefore  totally  unadapted  to 
represent  a  musical  tone  in  general,  for  which  the  simple  word  tone  seems  eminently 
suited,  being  of  course  originally  the  tone  produced  by  a  stretched  string.     Of  course, 
if  dang  could  not  be  used,  Prof.  Tyndall's  suggestion  to  translate  Prof.  Helmholtz's 
Klangfarhe  by  dangtint  (ibid,)  fell  to  the  ground.     I  can  find  no  valid  reason  for 
supplanting  the  time-honoured  expression  quality/  of  tone.    Prof.  Tyndall  (ibid.)  quotes 
Dr   Young  to  the  effect  that  *  this  quality  of  sound  is  sometimes  called  its  register, 
colour,  or  timbre.*    Register  has  a  distinct  meaning  in  vocal  music  which  must  not  be 
disturbed.     Timbre,  properly  a  kettle  drum,  then  a  helmet,  then  the  coat  of  arms 
surmounted  with  a  helmet,  then  the  official  stamp  bearing  that  coat  of  arms  (now 
u^ed  in  France  for  a  postage  Libel),  and  then  the  mark  which  declared  a  thing  to  be 
what  it  pretends  to  be,  Bums's  *  guinea's  stamp,'  is  a  foreign  word,  oft^n  odiously 
mispronounced,  and  not  worth  preserving.     Colour  1  have  never  met  with,  except  at 
most  as  a  passing  metaphorical  expression  when  applied  to  music.     But  the  difference 
of  tones  in  quality  is  familiar  to  our  language.     Then  as  to  the  Upper  Partial  Tones, 
Prof.  Helmholtz  uses  ThcUibne,  and  Partialtbne,  which  are  aptly  Englished  by  partial 
simple  tones.     The  word  simple,  however,  may  be  omitted  when  partiat  is  employed, 
as  partial  tones  are  necessarily  simple.     The  coiistituent  tones  of  a  chord  may  be  either 
simple  or  compound.     The  Grundion  of  a  compound  tone  then  becomes  its  prime  tone, 
or  briefly  its  prime.     The  Grundton  of  a  chord  will  be  further  explained  hereafter. 
Upper  partial  (simple)  tones,  that  is,  the  partials  exclusive  of  the  prime,  even  when 
harmonic,  that  is,  for  the  most  part,  belonging  to  the  first  six  partial  tones,  must 
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CHAPTER  11. 

ON  THE   COMPOSITION   OF  VIBRATIONS. 

At  the  end  of  the  last  chapter  we  came  upon  the  remarkable  fact 
that  the  human  ear  is  capable,  under  certain  conditions,  of  separat- 
ing the  musical  tone  produced  by  a  single  musical  instrument, 
into  a  series  of  simple  tones,  namely,  the  prime  partial,  and  the 
various  upper  partial  tones,  each  of  which  produces  its  own  separate 
sensation.  That  the  ear  is  capable  of  distinguishing  from  each 
other  tones  proceeding  from  different  sources,  that  is,  which  do  not 
arise  from  one  and  the  same  resonant  body,  we  know  from  daily 
experience.  There  is  no  difficulty  during  a  concert  in  following 
the  melodic  progression  of  each  individual  instrument  or  voice,  if 
we  direct  our  attention  to  it  exclusively ;  and,  after  some  practice, 
most  persons  can  succeed  in  following  the  simultaneous  progression 
of  several  united  parts.  This  is  true,  indeed,  not  merely  for 
musical  tones,  but  also  for  noises,  and  for  mixtures  of  music  and 
noise.  When  several  persons  are  speaking  at  once,  we  can  gener- 
ally listen  at  pleasure  to  the  words  of  any  single  one  of  them,  and 
even  imderstand  those  words,  provided  that  they  are  not  too  much 
overpowered  by  the  mere  loudness  of  the  others.  Hence  it  follows, 
first,  that  many  dififerent  trains  of  waves  of  sound  can  be  propagated 
at  the  same  time  through  the  same  mass  of  air,  without  mutual 
disturbance  ;  and,  secondly,  that  the  human  ear  is  capable  of  again 
analysing  into  its  constituent  elements  that  composite  motion  of 
the  air  which  is  produced  by  the  simultaneous  action  of  several 
musical  instruments.  We  will  first  investigate  the  nature  of  the 
motion  of  the  air  when  it  is  produced  by  several  simultaneous 
musical  tones,  and  how  such  a  compoimd  motion  is  distinguished 
from  that  due  to  a  single  musical  tone.  We  shall  see  that  the  ear 
has  no  decisive  test  by  which  it  can  in  all  cases  distinguish  between 
the  effect  of  a  motion  of  the  air  caused  by  several  diflFerent  musical 
tones  arising  from  different  sources,  and  that  caused  by  the  musical 
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tone  of  a  single  resonant  body.  Hence  the  ear  has  to  analyse  the 
composition  of  single  musical  tones,  under  proper  conditions,  by 
means  of  the  same  faculty  which  enabled  it  to  analyse  the  compo- 
sition of  simultaneous  musical  tones.  We  shall  thus  obtain  a  clear 
conception  of  what  is  meant  by  analysing  a  single  musical  tone 
into  a  series  of  partial  simple  tones,  and  we  shall  perceive  that  this 
phenomenon  depends  upon  one  of  the  most  essential  and  funda- 
mental properties  of  the  human  ear. 

We  begin  by  examining  the  motion  of  the  air  which  corresponds 
to  several  simple  tones  acting  at  the  same  time  on  the  same  mass 
of  air.  To  illustrate  this  kind  of  motion  it  will  be  again  convenient 
to  refer  to  the  waves  formed  on  a  calm  surface  of  water.    We  have 
seen  that  if  a  point  of  the  siuface  is  agitated  by  a  stone  thrown 
upon  it,  the  agitation  is  propagated  in  rings  of  waves  over  the  sur- 
fiwse  to  more  and  more  distant  points.     Now,  throw  two  stones  at 
the  same  time  on  to  diflFerent  points  of  the  surface,  thus  producing 
tvo  centres  of  agitation.     Each  will  give  rise  to  a  separate  ring  of 
waves,  and  the  two  rings  gradually  expanding,  will  finally  meet. 
Where  the  waves  thus  come  together,  the  water  will  be  set  in 
motion  by  both  kinds  of  agitation  at  the  same  time,  but  this  in  no 
wise  prevents  both  series  of  waves  from  advancing  further  over  the 
sur&ce,  just  as  if  each  were  alone  present  and  the  other  had  no 
existence  at  all.     As  they  proceed,  those  parts  of  both  rings  which 
had  just  coincided,  again  appear  separate  and  unaltered  in  form. 
These  little  waves,  caused  by  throwing  in  stones,  may  be  accom- 
panied by  other  kinds  of  waves,  such  as  those  due  to  the  wind  or  a 
passing  steamboat.     Omr  circles  of  waves  will  spread  out  over  the 
water  thus  agitated,  with  the  same  quiet  regularity  as  they  did 
upon  the  calm  surface.     Neither  will  the  greater  waves  be  essen- 
tially disturbed  by  the  less,  nor  the  less  by  the  greater,  provided 
the  waves  never  break;   if  that  happened,  their  regular  course 
would  of  course  be  impeded. 

Indeed  it  is  seldom  possible  to  survey  a  large  surface  of  water 
from  a  high  point  of  sight,  without  perceiving  a  great  multitude 
of  different  systems  of  waves,  mutually  overtopping  and  crossing 
each  other.  This  is  best  seen  on  the  surface  of  the  sea,  viewed 
from  a  lofty  cliff,  when  there  is  a  lull  after  a  stiff  breeze.  We 
first  see  the  great  waves,  advancing  in  far  stretching  ranks  from 
the  blue  distance,  here  and  there  more  clearly  marked  out  by 
their  white  foaming  crests,  and  following  one  another  at  regidar 
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intervals  towards  the  shore.  From  the  shore  they  rebound,  in 
different  directions  according  to  its  sinuosities,  and  cut  obliquely 
across  the  advancing  waves.  A  passing  steamboat  forms  its  own 
wedge-shaped  wake  of  waves,  or  a  bird,  darting  on  a  fish,  excites  a 
small  circular  system.  The  eye  of  the  spectator  is  easily  able  to 
pm'sue  each  one  of  these  different  trains  of  waves,  great  and  small, 
wide  and  narrow,  straight  and  curved,  and  observe  how  each  passes 
over  the  surface,  as  undisturbedly  as  if  the  water  over  which  it 
flits  were  not  agitated  at  the  same  time  by  other  motions  and 
other  forces.  I  must  own  that  whenever  I  attentively  observe  this 
spectacle  it  awakens  in  me  a  peculiar  kind  of  intellectual  pleasure, 
because  it  bares  to  the  bodily  eye,  what  the  mind's  eye  grasps  only 
by  the  help  of  a  long  series  of  complicated  conclusions  for  the 
waves  of  the  invisible  atmospheric  ocean. 

We  have  to  imagine  a  perfectly  similar  spectacle  proceeding 
in  the  interior  of  a  ball-room,  for  instance.  Here  we  have  a 
number  of  musical  instruments  in  action,  speaking  men  and 
women,  rustling  garments,  gliding  feet,  clinking  glasses,  and  so 
on.  All  these  causes  give  rise  to  systems  of  waves,  which  dart 
through  the  mass  of  air  in  the  room,  are  reflected  from  its  walls, 
return,  strike  the  opposite  wall,  are  again  reflected,  and  so  on  till 
they  die  out.  We  have  to  imagine  that  from  the  mouths  of  men 
and  from  the  deeper  musical  instruments  there  proceed  waves  of 
from  8  to  12  feet  in  length,  from  the  lips  of  the  women  waves  of 
2  to  4  feet  in  length,  from  the  rustling  of  the  dresses  a  fine  small 
crumple  of  wave,  and  so  on ;  in  short,  a  tumbled  entanglement 
of  the  most  different  kinds  of  motion,  complicated  beyond 
conception. 

And  yet  as  the  ear  is  able  to  distinguish  all  the  separate 
constituent  parts  of  this  confused  whole,  we  are  forced  to  con- 
clude that  all  these  different  systems  of  wave  coexist  in  the  mass 
of  air,  and  leave  one  anotlier  mutually  undisturbed.  But  how  is 
it  possible  for  them  to  coexist,  since  every  individual  train  of 
waves  has  at  any  particular  point  in  the  mass  of  air  its  own 
particular  degree  of  condensation  and  rarefaction,  which  determines 
the  velocity  of  the  particles  of  air  to  this  side  or  that  ?  It  is 
evident  that  at  each  point  in  the  mass  of  air,  at  each  instant  of 
time,  there  can  be  only  one  single  degree  of  condensation,  and 
that  the  particles  of  air  can  be  moving  with  only  one  single  deter- 
minate kind  of  motion,  having  only  one  single  determinate  amount 
of  velocity,  and  passing  in  only  one  single  determinate  direction. 
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What  happens  under  such  circumstances  is  seen  directly  by 
the  eye  in  the  -waves  of  water.  If  where  the  water  shews  large 
waves  we  throiie  a  stone  in,  the  waves  thus  caused  will,  so  to  speak, 
cut  into  the  larger  moving  surface,  and  this  surface  will  be  partly 
raised,  and  partly  depressed,  by  the  new  waves,  in  such  a  way  that 
the  fresh  crests  of  the  rings  will  rise  just  as  much  above,  and  the 
troughs  sink  just  as  much  below  the  curved  surfaces  of  the  previous 
larger  waves,  as  they  would  have  risen  above  or  sunk  below  the 
horizontal  surface  of  calm  water.  Hence  where  a  crest  of  the 
smaller  systeni  of  rings  of  waves  comes  upon  a  crest  of  the  greater 
system  of  waves,  the  surface  of  the  water  is  raised  by  the  sum  of 
the  two  heights,  and  where  a  trough  of  the  former  coincides  with 
a  trough  of  the  latter,  the  surface  is  depressed  by  the  sum  of  the 
two  depths.  This  may  be  expressed  more  briefly  if  we  consider 
the  heights  of  the  crests  above  the  level  of  the  surface  at  rest,  as 
positive  magnitudes,  and  the  depths  of  the  troughs  as  negative 
magnitudes,  and  then  form  the  so-called  algebraical  siun  of  these 
positive  and  negative  magnitudes,  in  which  case,  as  is  well  known, 
two  positive  magnitudes  (heights  of  crests)  must  be  added, 
and  similarly  for  two  negative  magnitudes  (depths  of  troughs); 
but  when  both  negative  and  positive  concur,  one  is  to  be  sub- 
tracted from  the  other.  Performing  the  addition  then  in  this 
algebraical  sense,  we  can  express  our  description  of  the  surface  of 
the  water  on  which  two  systems  of  waves  concur,  in  the  following 
simple  manner  :  The  distance  of  the  surface  of  the  water  at  any 
point  from  its  position  of  rest  is  at  any  moment  equal  to  the  sum 
of  the  distances  at  which  it  would  have  stood  had  each  wave 
acted  separately  at  the  same  pl<ice  and  at  the  same  time. 

The  eye  most  clearly  and  easily  distinguishes  the  action  in  such 
a  case  as  has  been  just  adduced,  where  a  smaller  circular  system  of 
waves  is  produced  on  a  large  rectilinear  system,  because  the  two 
systems  are  then  strongly  distinguished  from  each  other  both  by 
the  height  and  shape  of  the  waves.  But  with  a  little  attention  the 
eye  recognises  the  same  fact  even  when  the  two  systems  of  waves 
have  but  slightly  different  forms,  as  when,  for  example,  long 
rectilinear  waves  advancing  towards  the  shore  concur  with  those 
reOected  from  it  in  a  slightly  difierent  direction.  In  this  case 
^e  observe  those  well  known  comb-backed  waves  where  the  crest 
of  one  systena  of  waves  is  heightened  at  some  points  by  the  crests 
of  the  other  system,  and  at  others  depressed  by  its  troughs.     The 
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multiplicity  of  forms  is  here  extremely  great,  and  any  attempt  to 
describe  them  would  lead  us  too  far.  The  attentive  observer  will 
readily  comprehend  the  result  by  examining  any  disturbed  surface 
of  water,  without  further  description.  It  will  suffice  for  our  pur- 
pose if  the  first  example  has  given  the  reader  a  clear  conception  of 
what  is  meant  by  adding  waves  together,^ 

Hence  although  the  surface  of  the  water  at  any  instant  of 
time  can  assume  only  one  single  form,  while  each  of  two  differ- 
ent systems  of  waves  simultaneously  attempts  to  impress  its  own 
shape  upon  it,  we  are  able  to  suppose  in  the  above  sense  that  the 
two  systems  coexist  and  are  superimposed,  by  considering  the 
actual  elevations  and  depressions  of  the  surface  to  be  suitably 
separated  into  two  parts,  each  of  which  belongs  to  one  of  the  sys- 
tems alone. 

In  the  same  sense,  then,  there  is  also  a  superimposition  of 
different  systems  of  sound  in  the  air.  By  each  train  of  waves  of 
sound,  the  density  of  the  air  and  the  velocity  and  position  of  the 
particles  of  air,  are  temporarily  altered.  There  are  places  in  the 
wave  of  sound  comparable  with  the  crests  of  the  waves  of  water, 
in  which  the  quantity  of  the  air  is  increased,  and  the  air,  not 
having  free  space  to  escape,  is  condensed ;  and  other  places  in  the 
mass  of  air,  comparable  to  the  troughs  of  the  waves  of  water, 
having  a  diminished  quantity  of  air,  and  hence  diminished  density. 
It  is  true  that  two  different  degrees  of  density,  produced  by  two 
different  systems  of  waves  cannot  coexist  in  the  same  place  at  the 
same  time ;  nevertheless  the  condensations  and  rarefactions  of  the 
air  can  be  (algebraically)  added,  exactly  as  the  elevations  and  de- 
pressions of  the  surface  of  the  water  in  the  former  case.  Where 
two  condensations  are  added  we  obtain  increased  condensation, 
where  two  rarefactions  are  added  we  have  increased  rarefaction ; 
while  a  concurrence  of  condensation  and  rarefaction  mutually,  in 
whole  or  in  part,  destroy  or  neutralise  each  other. 

The  displacements  of  the  particles  of  air  are  compounded  in  a 
similar  manner.  If  the  displacements  of  two  different  systems  of 
waves  are  not  in  the  same  direction,  they  are  compounded  dia- 
gonally ;  for  example,  if  one  system  would  drive  a  particle  of  air 

*  The  velocities  and  displacements  of  the  particles  of  water  are  also  to  ho  added 
according  to  the  law  of  the  so-called  parallelogram  of  forces.  Strictly  speaking,  snch 
a  simple  addition  of  wares  as  is  spoken  of  in  the  text,  is  not  perfectly  correct,  unless 
the  heights  of  the  wares  are  infinitely  small  in  comparison  with  their  lengths. 
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upwards,  and  another  to  the  right,  its  real  path  will  be  obliquely 

upwards  towards  the  right.     For  our  present  purpose  there  is  no 

occasion  to  enter  more  particularly  into  such  compositions  of  motion 

io  dififerent  directions.     We  are  only  interested  in  the  effect  of 

the  mass  of  air  upon  the  ear,  and  for  this  we  are  only  concerned 

with  the  motion  of  the  air  in  the  passages  of  the  ear.     Now  the 

passages  of  our  ear  are  so  narrow  in  comparison  with  the  length  of 

the  waves  of  sound,  that  we  need  only  consider  such  motions  of 

the  air  as  are  parallel  to  the  axis  of  the  passages,  and  hence  have 

only  to  distinguish  displacements  of  the  particles  of  air  outwards 

and  inwards,  that  is  towards  the  outer  air  and  towards  the  interior 

of  the  ear.      For  the  magnitude  of  these  displacements  as  well  as 

for  their  velocities  with  which  the  particles  of  air  move  outwards 

and  inwards,  the  same  (algebraical)  addition  holds  good  as  for  the 

crests  and  troughs  of  waves  of  water. 

Hence,  when  several  resonant  bodies  in  the  surrounding  at- 
mosphere, siynultaneously  excite  different  systems  of  waves  of 
90und,  the  changes  of  density  of  the  air^  and  the  displacements 
and  velocities  of  the  particles  of  the  air  within  the  passages  of 
the  ear,  are  ea^heqvxd  to  the  (algebraicar)  sum  of  the  correspond- 
ing changes  of  density,  displacements^  and  velocities,  which  ea^h 
system  of  waves  would  have  separately  produced,  if  it  had  acted 
independently ;  ^  and  in  this  sense  we  can  say  that  all  the  separate 
vibrations  which  separate  waves  of  sound  would  have  produced, 
coexist  undisturbed  at  the  same  time  within  the  passages  of  our  ear. 
After  having  thus  in  answer  to  the  first  question  explained  in 
what  sense  it  is  possible  for  several  diflFerent  systems  of  waves  to 
coexist  on  the  same  surface  of  water  or  within  the  same  mass  of 
air,  we  proceed  to  determine  the  means  possessed  by  our  organs  of 
sense,  for  analysing  this  composite  whole  into  its  original  con- 
stituents. 

I  have  already  observed  that  an  eye  which  surveys  an  extensive 
and  disturbed  surface  of  water,  easily  distinguishes  the  separate 
systems  of  waves  from  eacli  other  and  follows  their  motions.  The 
eye  has  a  great  advantage  over  the  ear  in  being  able  to  survey  a 
large  extent  of  surface  at  the  same  moment.  Hence  the  eye 
readily  sees  whether  the  individual  waves  of  water  are  rectilinear 

*  The  same  is  true  for  the  whole  mass  of  external  air,  if  only  the  addition  of  the 
^ipUcementa  in  different  directions  is  made  according  to  the  law  of  th»»  parallelogram 
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or  curved,  and  whether  they  have  the  same  centre  of  curvature, 
and  in  what  direction  they  are  advancing.  All  these  observations 
assist  it  in  determining  whether  two  systems  of  waves  are  con- 
nected or  not,  and  hence  in  discovering  their  corresponding  parts. 
Moreover,  on  the  surface  of  the  water,  waves  of  unequal  length 
advance  with  imequal  velocities,  so  that  if  they  coincide  at  one 
moment  to  such  a  degree  as  to  be  difficult  to  distinguish,  at  the 
next  instant  one  train  pushes  on  and  the  other  lags  behind,  so  that 
they  become  again  separately  visible.  In  this  way,  then,  the 
observer  is  greatly  assisted  in  referring  each  system  to  its  point  of 
departure,  and  in  keeping  it  distinctly  visible  during  its  further 
course.  For  the  eye,  then,  two  systems  of  waves  having  different 
points  of  departure  can  never  coalesce ;  for  example,  such  as  arise 
from  two  stones  thrown  into  the  water  at  different  points.  If  in 
any  one  place  the  rings  of  wave  coincide  so  closely  as  not  to  be 
easily  separable,  they  always  remain  separate  during  the  greater 
part  of  their  extent.  Hence  the  eye  could  not  be  easily  brought 
to  confuse  a  compound  with  a  simple  undulatory  motion.  Yet 
this  is  precisely  what  the  ear  does  imder  similar  circumstances 
when  it  separates  the  musical  tone  which  has  proceeded  from  a 
single  source  of  resonance,  into  a  series  of  simple  partial  tones. 

But  the  ear  is  much  more  unfavourably  situated  in  relation  to 
a  system  of  waves  of  sound,  than  the  eye  for  a  system  of  waves  of 
water.  The  ear  is  affected  only  by  the  motion  of  that  mass  of  air 
which  happens  to  be  in  the  immediate  neighbourhood  of  its  tym- 
panum within  the  aural  passage.  Since  a  transverse  section  of 
the  aural  passage  is  comparatively  small  in  comparison  with  the 
length  of  waves  of  sound  (which  for  serviceable  musical  tones 
varies  from  6  inches  to  32  feet),  it  corresponds  to  a  single  point  of 
the  mass  of  air  in  motion.  It  is  so  small  that  distinctly  different 
degrees  of  density  or  velocity  could  scarcely  occur  upon  it,  because 
the  positions  of  greatest  and  least  density,  of  greatest  positive  and 
negative  velocity,  are  always  separated  by  half  the  length  of  a 
wave.  The  ear  is  therefore  in  nearly  the  same  condition  as  the 
eye  would  be  if  it  looked  at  one  point  of  the  surface  of  the  water 
through  a  long  narrow  tube,  which  would  permit  of  seeing  its 
rising  and  felling,  and  were  then  required  to  undertake  an  analysis 
of  the  compound  waves.  It  is  easily  seen  that  the  eye  would,  in 
most  cases,  completely  fail  in  the  solution  of  such  a  problem.  The 
ear  is  not  in  a  condition  to  discover  how  the  air  is  moving  at  dis- 
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tant  spots,  whether  the  waves  which  strike  it  are  spherical  or  plane, 
whether  they  interlock  in  one  or  more  circles,  or  in  what  direction 
they  are  advancing.  The  circumstances  on  which  the  eye  chiefly 
depends  for  forming  a  judgment,  are  all  absent  for  the  ear. 

If,  then,  notwithstanding  all  these  difficulties,  the  ear  is  capable 
of  distinguishing  musical  tones  arising  from  different  sources — 
and  it  really  shews  a  marvellous  readiness  in  so  doing — it  must 
employ  means  and  possess  properties  altogether  different  from 
those  employed  or  possessed  by  the  eye.  But  whatever  these 
means  may  be — and  we  shall  endeavour  to  determine  them  here- 
after— it  is  clear  that  the  analysis  of  a  composite  mass  of  musical 
tones  must  in  the  first  place  be  closely  connected  with  some  deter- 
minate properties  of  the  motion  of  the  air,  capable  of  impressing 
themselves  even  on  such  a  very  minute  mass  of  air  as  that  con- 
tained in  the  aural  passage.  If  the  motions  of  the  particles  of  air 
in  this  passage  are  the  same  on  two  different  occasions,  the  ear 
will  receive  the  same  sensation,  whatever  be  the  origin  of  those 
motions,  whether  they  spring  from  one  or  several  sources. 

We  have  already  explained  that  the  mass  of  air  which  sets  the 
tmpanic  membrane  of  the  ear  in  motion,  so  far  as  the  magni- 
tudes here  considered  are  concerned,  must  be  looked  upon  as  a 
single  point  in  the  surrounding  atmosphere.     Are  there,  then,  any 
pecaliarities  in  the  motion  of  a  single  particle  of  air  which  would 
differ  for  a  single  musical  tone,  and  for  a  combination  of  musical 
tones  ?    We  have  seen  that  for  each  single  musical  tone  there  is  a 
corresponding  periodical  motion  of  the  air,  and  that  its  pitch  is 
determined  by  the  length  of  the  periodic  time,  but  that  the  kind 
of  motion  during  any  one  single  period  is  perfectly  arbitrary,  and 
may  indeed  be  infinitely  various.     If  then  the  motion  of  the  air 
lying  in  the  aural  passage  is  not  periodic,  or  if  at  least  its  periodic 
time  is  not  as  short  as  that  of  an  audible  musical  tone,  this  fact 
^ill  distinguish  it  from  any  motion  which  belongs  to  a  musical 
tone;  it  must  belong  either  to  noises  or  to  several  simultaneous 
musical  tones.     Of  this  kind  are  really  the  greater  number  of 
OSes  where  the  different  musical  tones  have  been  only  accidentally 
wmbined,  and  are  therefore  not  designedly  framed  into  musical 
chords ;  nay,  even  where  orchestral  music  is  performed,  the  method 
oftempered  tuning  which  at  present  prevails,  prevents  an  accurate 
fcifilment   of  the   conditions   under   which    alone   the   resulting 
^>otion  of  the  air  can  be  exactly  periodic.     Hence  in  the  greater 
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number  of  cases  a  want  of  periodicity  in  the  motion  might  furnish 
a  mark  for  distinguishing  the  presence  of  a  composite  mass  of 
musical  tones. 

But  a  composite  mass  of  musical  tones  may  also  give  rise  to  a 
purely  periodic  motion  of  the  air^  namely,  when  aU  the  tnusical 
tones  which  intermingle^  have  vibrational  numbers  which  are  aU 
multiples  of  one  and  the  same  whole  number^  or,  which  comes 
to  the  same  thing,  when  aU  these  musical  tones,  so  far  as 
thei/r  pitch  is  concerned,  may  be  regarded  as  the  upper  partial 
tones  of  the  same  prime  tone*    It  was  mentioned  in  Chapter  I. 

Fio.  11. 


B 


C 


D 


that  the  vibrational  numbers  of  the  upper  partial  tones  are 
multiples  of  the  vibrational  number  of  the  prime  tone.  The 
meaning  of  this  rule  will  be  clear  from  a  particular  example. 
The  curve  A,  fig.  11,  represents  a  pendular  motion  in 
the  manner  explained  in  Chapter  I.,  as  produced  in  the  air  of 
the  aural  passage  by  a  tuning  fork  in  action.  The  horizontal 
lengths  in  the  curves  of  fig.  1 1,  consequently  represent  the  passing 
time,  and  the  vertical  heights  the  corresponding  displacements  of 
the  particles  of  air  in  tlie  aural  passage.  Now  8up[)08e  that  with 
the  first  simple  tone  to  which  the  curve  A  corresponds,  there  is 
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sounded  a  second  simple  tone,  represented  by  the  curve  B,  an 
octave  higher  than  the  first.     This  condition  requires  that  two 
nbrations  of  the  curve  B  should  be  made  in  the  same  time  as  one 
vibration  of  the  curve  A.     In  A,  the  sections  of  the  curve  d^S  and 
S  5i  are  perfectly  equal  and  similar.     The  curve  B  is  also  divided 
into  equal  and  similar  sections  e  e  and  s  ei  by  the  points  e,  e,  Sj. 
We  could  certainly  halve  each  of  the  sections  e  e  tod  e  ej,  and  also 
obtain  equal  and  similar  sections,  each  of  which  would  then  corre- 
spond to  a  single  period  of  B.     But  by  taking  sections  consisting 
of  two  periods  of  B,  we  divide  B  into  larger  sections,  each  of  which 
is  of  the  same  horizontal  length,  and  hence  corresponds  to  the 
same  duration  of  time,  as  the  sections  of  A. 

If  then  both  simple  tones  are  heard  at  once,  and  the  times  of 
the  points  e  and  d^,  s  and  S,  ei  and  8^  coincide,  the  heights  of  the 
portions  of  the  section  of  curve  e^  have  to  be  (algebraically)  added 
to  heights  of  the  section  of  curve  d^S,  and  similarly  for  the  sections 
ffi  and  58^.  The  result  of  this  addition  is  shewn  in  the  cur\'e  C. 
The  dotted  line  is  a  duplicate  of  the  section  d^S  in  the  curve  A. 
Its  object  is  to  make  the  composition  of  the  two  sections  imme- 
diately evident  to  the  eye.  It  is  easily  seen  that  the  curve  C  in 
every  place  rises  as  much  above  or  sinks  as  much  below  the  ciure 
A,  as  the  curve  B  respectively  rises  above  or  sinks  beneath  the 
medial  straight  line.  The  heights  of  the  curve  C  are  consequently, 
in  accordance  with  the  rule  for  compounding  vibrations,  equal  to 
the  (algebraical)  simi  of  the  corresponding  heights  of  A  and  B. 
Thus  the  perpendicular  c^  in  C  is  the  sum  of  the  perpendiculars  aj 
and  bj  in  A  and  B;  the  lower  part  of  this  perpendicular  c^,  from  the 
straight  line  up  to  the  dotted  curve,  is  equal  to  the  perpendicular 
aj,  and  the  upper  part,  from  the  dotted  to  the  continuous  curve, 
is  equal  to  the  perpendicular  b^.  On  the  other  hand,  the  height 
of  the  perpendicular  c,  is  equal  to  the  height  a,  diminished  by  the 
depth  of  the  fall  b,.  And  in  the  same  way  all  other  points  in  the 
curve  C  are  foimd.* 

It  is  evident  that  the  motion  represented  by  the  curve  C  is 
al»>  periodic,  and  that  its  periods  have  the  same  duration  as  those 

'  [Readers  not  used  to  geometrical  constructions  are  strongly  recommended  to  trHce 
Um  two  carves  A  and  B,  and  to  construct  the  carve  C  from  them,  by  drawiag  a 
Bomber  of  perpendiculars  to  a  straight  liae,  and  then  setting  off  upon  them  the  lengths 
of  the  corresponding  perpendiculars  in  A  and  B  in  proper  directions,  and  joining  the 
ntn^ities  of  the  lengths  thus  found  by  a  curved  line.  In  this  way  only  can  a  clear 
CQQcepdon  of  the  oomposition  of  Tibrations  be  rendereil  sufficiently  familiar  for  sub- 
•«qaent  xtae^—Trattsiaiar,] 
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of  A*  Thus  the  addition  of  the  Rection  d^S  of  A  and  ec  of  B,  must 
give  the  same  result  as  the  addition  of  the  perfectly  equal  and 
similar  sections  SBi  and  eei,  and,  if  we  supposed  both  curves  to  be 
continued,  the  same  would  be  the  case  for  all  the  sections  into 
which  they  would  be  divided.  It  is  ako  evident  that  equal  sec- 
tions of  both  curves  could  not  thus  continually  coincide  after 
completing  the  addition,  imless  the  curves  thus  added  could  be 
also  separated  into  exactly  equal  and  similar  sections  of  the  same 
length,  as  is  the  case  in  fig.  11,  where  two  periods  of  B  last  as  long 
or  have  the  same  horizontal  length  as  one  of  A.  Now  the  hori- 
zontal lengths  of  our  figure  represent  time,  and  if  we  pass  from 
the  curves  to  the  real  motions,  it  results  that  the  motion  of  air 
caused  by  the  composition  of  the  two  simple  tones,  A  and  B,  is 
also  periodic,  just  because  one  of  these  simple  tones  makes  ex- 
actly twice  as  many  vibrations  as  the  other  in  the  same  time. 

It  is  easily  seen  by  this  example  that  the  peculiar  form  of  the 
two  curves  A  and  B  has  nothiug  to  do  with  the  fact  that  their 
sum  C  is  also  a  periodic  curve.  Whatever  be  the  form  of  A  and 
B,  provided  each  can  be  separated  into  equal  and  similar  sections 
which  have  the  same  horizontal  lengths  as  the  equal  and  similar 
sections  of  the  other — no  matter  whether  these  sections  correspond 
to  one,  or  two,  or  three  periods  of  the  individual  curves — then  any 
one  section  of  the  curve  A  compoimded  with  any  one  section  of 
the  curve  B,  will  always  give  a  section  of  the  curve  C,  which  vrill 
have  the  same  length,  and  will  be  precisely  equal  and  similar  to 
any  other  section  of  the  curve  C  obtained  by  compounding  any 
other  section  of  A  with  any  other  section  of  B. 

When  such  a  section  embraces  several  periods  of  the  corre- 
sponding curve  (as  in  fig.  11,  the  sections  ee  and  sei  consist  each  of 
two  periods  of  the  simple  tone  B,)  then  the  pitch  of  this  tone  (as 
of  B,)  is  that  of  an  upper  partial  tone  of  that  prime  whose  period 
has  the  length  of  that  principal  section  (as  the  simple  tone  A  in 
fig.  11),  in  accordance  with  the  rule  above  cited. 

In  order  to  give  a  slight  conception  of  the  multiplicity  of 
forms  producible  by  comparatively  simple  compositions,  I  may 
remark  that  the  compound  curve  would  receive  another  form  if 
the  ciu*ves  B,  fig.  11,  were  displaced  a  little  with  respect  to  the 
curve  A  before  the  addition  were  commenced.  Let  B  be  displaced 
by  being  slid  to  the  right  until  the  point  e  falls  under  d^  in  A,  and 
the  composition  will  then  give  the  curve  I)  with  narrow  crests  and 
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broad  troogfas,  both  sides  of  the  crest  being,  however,  equally 
steep ;  whereas  in  the  curve  C  one  side  is  steeper  than  the  other. 
If  we  displace  the  curve  B  still  more  by  sliding  it  to  the  right  till 
e  Mis  under  d|,  the  compound  curve  would  resemble  the  reflection 
of  C  in  a  mirror :  that  is,  it  would  have  the  same  form  as  C 
reversed  as  to  right  and  left ;  the  steeper  inclination  which  in  C 
lies  to  the  left  would  now  lie  to  the  right.  Again,  if  we  displace 
B  till  e  Mis  under  d,  we  obtain  a  curve  similar  to  D,  fig.  1 1,  but 
leyersed  as  to  up  and  down,  as  may  be  seen  by  holding  the  book 
upside-down,  the  crests  being  broad  and  the  troughs  narrow. 

FiQ.  12. 


All  these  curves  with  their  various  transitional  forms  are 
periodic  curves.  Other  composite  periodic  curves  are  shewn  at 
C,  D,  fig.  12  above,  where  they  are  compounded  of  the  two 
eorves  A  and  B,  having  their  periods  in  the  ratio  of  1  to  3.  The 
dotted  curves  are  as  before  copies  of  the  first  complete  vibration  or 
period  of  the  curve  A,  in  order  that  the  reader  may  see  at  a  glance 
tliat  the  compound  curve  is  always  as  much  higher  or  lower  than 
A,  as  B  is  higher  or  lower  than  the  horizontal  line.  In  C,  the 
corves  A  and  B  are  added  as  they  stand,  but  for  D  the  curve  B  has 
W  first  slid  half  a  wave's  length  to  the  right,  and  then  the 
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addition  has  been  effected.  Both  fonns  differ  from  each  other  and 
from  all  preceding  ones.  G  has  broad  crests  and  broad  troughs, 
D  narrow  crests  and  narrow  troughs. 

In  these  and  similar  cases  we  have  seen  that  the  compound 
motion  is  perfectly  and  regularly  periodic,  that  is,  it  is  exactly  of 
the  same  kind  as  if  it  proceeded  from  a  single  musical  tone.  The 
curves  compounded  in  these  examples  correspond  to  the  motions 
of  single  simple  tones.  Thus,  the  motions  shewn  in  fig.  1 1  (on  p. 
46)  might  have  been  produced  by  two  tuning  forks,  of  which  one 
sounded  an  Octave  higher  than  the  other.  But  we  shall  here- 
after see  that  a  flute  by  itself  when  gently  blown  is  sufl&cient  to 
create  a  motion  of  the  air  corresponding  to  that  shewn  in  C  or  D 
of  fig.  11.  The  motions  of  fig.  12  might  be  produced  by  two 
timing  forks  of  which  one  sounded  the  twelfth  of  the  other.  Also 
a  single  closed  organ  pipe  of  the  narrower  kind  (the  stop  called 
Quintaten^)  would  give  nearly  the  same  motion  as  that  of  C  or  D 
in  fig.  12. 

Here  then  the  motion  of  the  air  in  the  aural  passage  has  no 
property  by  which  the  composite*  musical  tone  can  be  distin- 
guished from  the  single  musical  tone.  If  the  ear  is  not  assisted 
by  other  accidental  circumstances,  as  by  one  tuning  fork  beginning 
to  sound  before  the  other,  so  that  we  hear  them  struck,  or,  in  the 
other  case,  the  whistling  of  the  wind  against  the  mouthpiece  of 
the  flute  or  lip  of  the  organ  pipe,  it  has  no  means  of  deciding 
whether  the  musical  tone  is  simple  or  composite. 

Now,  in  what  relation  does  the  ear  stand  to  such  a  motion  of 
the  air  ?  Does  it  analyse  it,  or  does  it  not  ?  Experience  shews  us 
that  when  two  tuning  forks,  an  Octave  or  a  Twelfth  apart  in  pitch, 

*  [The  names  of  the  stops  on  German  organs  do  not  always  agree  with  those  on 
English  organs.  I  find  it  best,  therefore,  not  to  translate  them,  but  to  give  their 
explanations  from  E.  J.  Hopkins's  •  The  Organ,  its  History  and  Construction/  1856, 
pp.  434-443.  In  this  case  Mr.  Hopkins  prints  the  word  *  quintaton,'  clearly  a  mis- 
print, and  defines  it,  in  16  feet  tone,  as  'double  stopped  diapason,  of  rather  small 
scale,  producing  the  Twelfth  of  the  fundamental  sound,  as  well  as  the  ground-tone 
itself,  that  is,  sounding  the  16  and  6 J  ft.  tones.'  And  similarly,  in  other  cases, '  a  pipe 
for  sounding  the  Twelfth  in  addition  to  the  fundamental  tone/  It  seems  to  be  pro- 
perly the  English  stop  *  Twelfth— -Duodecima,*  No.  662,  p.  119  of  Hopkins.-- 7Van«/^or.] 

'  [The  reader  must  distinguish  between  Htiffle  and  simple  musical  tones.  A  single 
may  be  a  compound  tone  inasmuch  as  it  may  be  compounded  of  several  simple  musical 
tones,  but  it  id  single  because  it  is  produced  by  one  resonant  body.  A  composiU 
musical  tone  is  necessarily  compound^  but  it  is  called  composite  because  it  is  made  up 
of  tones  (simple  or  compound)  produced  by  several  resonant  bodies. — Translator,] 
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are  sounded  tx>gether,  the  ear  is  quite  able  to  distinguish  their 
simple  tones,  although  the  distinction  is  a  little  more  difficult 
with  these  than  with  other  intervals.  But  if  the  ear  is  able  to 
analyse  a  composite  musical  tone  produced  by  two  tuning  forks, 
it  cannot  but  be  in  a  condition  to  carry  out  a  similar  analysis, 
when  the  same  motion  of  the  air  is  produced  by  a  single  flute  or 
organ  pipe.  And  this  is  really  the  case.  The  single  musical  tone 
of  such  instruments,  proceeding  from  a  single  source,  is,  as  we  have 
already  mentioned,  analysed  into  partial  simple  tones,  consistiug 
in  each  case  of  a  prime  tone,  and  one  upper  partial  tone,  the 
latter  being  different  in  the  two  cases. 

The  analysis  of  a  single  musical  tone  into  a  series  of  partial 
tones  depends,  theu,  upon  tJbe  same  property  of  the  ear  as  that 
which  enables  it  to  distinguish  different  musical  tones  from  each 
other,  and  it  must  necessarily  affect  both  analyses  by  a  rule  which 
18  independent  of  the  fact  that  the  waves  of  sound  are  produced 
by  one  or  by  several  musical  instruments. 

The  rule  by  which  the  ear  proceeds  in  its  analysis  was  first  laid 
down  as  generally  true  by  G.  S.  Ohm.  Part  of  this  rule  has  been 
already  enunciated  in  the  last  chapter  (p.  34),  where  it  was  stated 
that  only  that  particular  motion  of  the  air  which  we  have  de- 
nominated a  simple  vibrationy  for  which  the  vibrating  particles 
swing  backwards  and  forwards  according  to  the  law  of  pendular 
motion,  is  capable  of  exciting  in  the  ear  the  sensation  of  a  single 
simple  tone.  Every  motion  of  the  air^  then^  which  corresponds  to 
a  composite  m^ass  of  musical  tones^  is^  according  to  Ohm^s  latVj 
capable  of  being  analysed  into  a  sum  of  simple  pendular  vibra- 
tionsy  and  to  ea/:h  such  single  simple  vibralion  corresponds  a 
simple  tone,  sensible  to  the  ear,  and  having  a  pitch  determined 
by  the  periodic  time  of  the  conesponding  motion  of  the  air. 

The  [froofis  of  the  correctness  of  this  law,  the  reasons  why,  of  all 
vibrational  forms,  only  that  one  which  we  have  called  a  simple 
vibration  plays  such  an  important  part,  must  be  left  for  Chapters 
IV.  and  VI.  Our  present  business  is  only  to  gain  a  clear  concep- 
tion of  what  the  rule  means. 

The  simple  vibrational  form  is  inalterable  and  always  the  same. 
It  is  only  its  amplitude  and  its  periodic  time  which  are  subject  to 
change.  But  we  have  seen  in  figs.  11  and  12  (p.  46  and  p.  49) 
what  varied  forms  the  composition  of  only  two  simple  vibrations 
can  produce.     Tlie  number  of  thqse  forms  might  be  greatly  in- 
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creased,  even  without  introducing  fresh  simple  vibrations  of  diflFer- 
ent  periodic  times,  by  merely  changing  the  proportions  which  the 
heights  of  the  two  simple  vibrational  curves  A  and  B  bear  to  each 
other,  or  displacing  the  curve  B  by  other  lengths  to  the  right  or 
left,  than  those  already  selected  in  the  figures.  By  these  simplest 
possible  examples  of  such  compositions,  the  reader  will  be  able  to 
form  some  idea  of  the  enormous  variety  of  forms  which  would 
result  from  using  more  than  two  simple  forms  of  vibration,  each 
form  giving  an  upper  partial  tone  of  the  same  prime,  and  hence, 
on  addition,  always  producing  other  periodic  curves.  We  should 
be  able  to  make  the  heights  of  each  single  simple  vibrational  curve 
greater  or  smaller  at  pleasure,  and  displace  each  one  separately  by 
any  amount  in  respect  to  the  prime, — or,  in  physical  language,  we 
should  be  able  to  alter  their  amplitudes  and  the  difference  of  their 
phases ;  and  each  such  alteration  of  amplitude  and  difference  of 
phase  in  each  one  of  the  simple  vibrations  would  produce  a  fresh 
change  in  the  resulting  composite  vibrational  form. 

The  multiplicity  of  vibrational  forms  which  can  be  thus  pro- 
duced by  the  composition  of  simple  pendular  vibrations  is  not 
merely  extraordinarily  great :  it  is  so  great  that  it  cannot  be  greater. 
The  French  mathematician  Fourier  has  proved  the  correctness  of  a 
mathematical  law,  which  in  reference  to  our  present  subject  may  be 
thus  enunciated :  Any  given  regular  periodic  form  of  vibration 
can  always  be  produced  by  th^  addition  of  simple  vibrations, 
having  vibrational  numbers  which  are  once,  twice,  thrice,  four 
times,  iScc,  as  great  as  the  vibrational  number  of  the  given 
motion. 

The  amplitudes  of  the  elementary  simple  vibrations  to  which 
the  height  of  our  wave-curves  corresponds,  and  the  difference  of 
phase,  that  is,  the  relative  amount  of  horizontal  displacement  of 
the  wave-curves,  can  always  be  found  in  every  given  case,  as  Fourier 
has  shewn,  by  peculiar  methods  of  calculation,  which,  however,  do 
not  admit  of  any  popular  explanation,  so  that  any  given  regularly 
periodic  motion  can  always  be  exhibited  in  one  single  way,  and 
in  no  other  way  whatever,  as  the  sum  of  a  certai/n  number  of 
pendular  vibrations. 

Since,  according  to  the  results  already  obtained,  any  regularly 
periodic  motion  corresponds  to  some  musical  tone,  and  any  simple 
pendular  vibration  to  a  single  musical  tone,  these  propositions  of 
Fourier  may  be  thus  expressed  for  the  purpose  of  their  application 
to  the  theory  of  sound  : 
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Any  vibrcUional  motion  of  the  air  in  the  aural  passages,  cor 
responding  to  a  musical  tone,  may  be  alivays,  but  for  each  case 
only  in  one  single  way,  exhibited  as  the  sum  of  a  number  of 
nmple  vibrational  motions,  corresponding  to  the  partial  tones  oj 
this  musical  tone. 

Since,  according  to  these  propositions,  any  form  of  vibration, 
no  matter  what  shape  it  may  take,  can  be  expressed  as  the  sum  of 
simple  vibrations,  its  analysis  into  such  a  sum  is  quite  independent 
of  the  power  of  the  eye  to  perceive  by  looking  at  its  representative 
curve,  whether  it  contains  simple  vibrations  or  not,  and  if  it  does, 
what  they  are.     I  am  obliged  to  lay  stress  upon  this  point,  because 
I  have  by  no  means  imfrequently  foimd  even  physicists  start  on  the 
false  hypothesis,  that  the  vibrational  form  must  exhibit  little  waves 
corresponding  to  the  several  audible  upper  partial  tones,     A  mere 
inspection  of  the  figs.  11  and  12  (p.  46  and  p.  49)   will   suffice 
to  shew  that  although  the  composition  can  be  easily  traced  in  the 
parts  where  the  curve  of  the  prime  tone  is  dotted  in,  this  is  quite 
impossible  in  those  parts  of  the  curves  C  and  D  in  each  figure, 
where  no  such  assistance  has  been  provided.  Or,  if  we  suppose  that 
an  observer  who  had  rendered  himself  thoroughly  familiar  with  the 
curves  of  simple  vibrations  imagined  that  he  could  trace  the  com- 
position in  these  easy  cases,  he  would  certainly  utterly  fail  on  at- 
tempting to  discover  by  his  eye  alone  the  composition  of  such 
curves  as  are  shewn  in  figs.  8  and  9  (p.  32).      In   these   will  be 
found  straight  lines  and  acute  angles.  Perhaps  it  will  be  asked  how 
it  is  possible  by  compounding  such  smooth  and  uniformly  rounded 
curves  as  those  of  our  simple  vibrational  forms  A  and  B  in  figs.  1 1 
and  12,  to  generate  at  one  time  straight  lines,  and  at  another  acute 
angles.  The  answer  is,  that  an  infinite  number  of  simple  vibrations 
are  required  to  generate  curves  with  such  discontinuities  as  are 
there  shewn.     But  when  a  great  many  such  curves  are  combined, 
and  are  so  cliosen  that  in  certain  places  they  all  bend  in  the  same 
direction,  and   in  others  in  opposite    directions,   tlie  curvatures 
mutually  strengthen  each  other  in  the  first  case,  finally  producing 
an  infinitely  great  curvature,  that  is,  an  acute  angle,  and  in  the 
second  case  they  mutually  weaken  each  other,  so  that  ultimately  a 
straight  line  results.    Hence  we  can  generally  lay  it  down  as  a  rule 
that  the  force  or  loudness  of  the  upper  partial  tones  is  the  greater, 
the  sharper  the  discontinuities  of  the  atmospheric  motion.     When 
the  motion  alters  uniformly  and  gradtially,  answering  to  a  vibra- 
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tional  curve  proceeding  in  smoothly  curved  forms,  only  the  deeper 
partial  tones,  which  lie  nearest  to  the  prime  tone,  have  any  per- 
ceptible intensity.  But  where  the  motion  alters  by  jumps,  and  hence 
the  vibrational  curves  shew  angles  or  sudden  changes  of  curvature, 
the  upper  partial  tones  will  also  have  sensible  force,  although  in  all 
these  cases  the  amplitudes  decrease  as  the  pitch  of  the  upper  par- 
tial tones  becomes  higher.' 

We  shall  become  acquainted  with  examples  of  the  analysis  of 
given  vibrational  forms  into  separate  partial  tones  in  Chapter  V. 

The  theorem  of  Fourier  here  adduced  shews  first  that  it  is 
mathematically  possible  to  consider  a  musical  tone  as  a  sum  of 
simple  tones,  in  the  meaning  we  have  attached  to  the  words,  and 
mathematicians  have  indeed  always  foimd  it  convenient  to  base 
their  acoustic  investigations  on  this  mode  of  analysing  vibrations. 
But  it  by  no  means  follows  that  we  are  obliged  to  consider  the 
subject  in  this  way.  We  have  rather  to  inquire,  do  these  partial 
constituents  of  a  musical  tone,  such  as  the  mathematical  theory 
distinguishes  and  the  ear  perceives,  really  exist  in  the  mass  of  air 
external  to  the  ear  ?  Is  this  means  of  analysing  forms  of  vibra- 
tion which  Fourier's  theorem  prescribes  and  renders  possible,  not 
merely  a  mathematical  fiction,  permissible  for  facilitating  calcula- 
tion, but  not  necessarily  having  any  corresponding  actual  meaning 
in  things  themselves  ?  What  makes  us  hit  upon  pendular  vibra- 
tions, and  none  other,  as  the  simplest  element  of  all  motions  pro- 
ducing soimd  ?  We  can  conceive  a  whole  to  be  split  into  parts  in 
very  different  and  arbitrary  ways.  Thus  we  may  find  it  convenient  for 
a  certain  calculation  to  consider  the  number  12  as  the  siun  8  +  4, 
because  the  8  may  have  to  be  cancelled,  but  it  does  not  follow  that 
12  must  always  and  necessarily  be  considered  as  merely  the  sum  of 
8  and  4.  In  another  case  it  might  be  more  convenient  to  consider 
12  as  the  simi  of  7  and  5.  Just  as  little  does  the  mathematical 
possibility,  proved  by  Fourier,  of  compoimding  aU  periodic  vibra- 

*  Supposing  n  to  be  the  namber  of  the  order  of  a  partial  tone,  and  n  to  be  yery 
lai^e,  then  the  amplitude  of  the  upper  partial  tones  decreases  :  1)  when  the  amplitude 

of  the  vibrations  themselves  makes  a  sudden  jump,  as  -  ;  2)  when  their  differential 

quotient  makes  a  sudden  jump,  and  hence  the  curve  has  an  acute  angle,  as  — --;  3) 

n.n 

when  the  curvature  alters  suddenly,  as ;  4)  when  none  of  the  differential  quo- 

tients  are  discontinuouSi  they  muBt  decrease  at  least  as  fast  as  e"  . 


66  ANALYSIS  BY  SYMPATHETIC  KESONANCE.  Pakt  I. 


CHAPTER  III. 

ANALYSIS  OF  MUSICAL  TONES  BT  STICPATHETIC  BSSONANCE. 

We  proceed  to  shew  that  the  simple  partial  tones  contained  in  a 
composite  mass  of  musical  tones,  produce  peculiar  mechanical 
effects  in  nature,  altogether  independent  of  the  human  ear  and  its 
sensations,  and  also  altogether  independent  of  merely  theoretical 
considerations.  These  effects  consequently  give  a  peculiar  objec- 
tive significance  to  this  peculiar  method  of  analysing  vibrational 
forms. 

Such  an  effect  occurs  in  the  phenomenon  of  sympathetic  reso- 
nance. This  phenomenon  is  always  found  in  those  bodies  which 
when  once  set  in  motion  by  any  impulse,  continue  to  perform  a 
long  series  of  vibrations  before  they  come  to  rest.  When  these 
bodies  are  struck  gently,  but  periodically,  although  each  blow  may 
be  separately  quite  insuiBScient  to  produce  a  sensible  motion  in  the 
vibratory  body,  yet,  provided  the  periodic  time  of  the  gentle 
blows  is  precisely  the  same  as  the  periodic  time  of  the  body's  own 
vibrations,  very  large  and  powerful  oscillations  may  result.  But 
if  the  periodic  time  of  the  regular  blows  is  different  from  the 
periodic  time  of  the  oscillations,  the  resulting  motion  will  be  weak 
or  quite  insensible. 

Periodic  impulses  of  this  kind  generally  proceed  from  another 
body  which  is  already  vibrating  regularly,  and  in  this  case  the 
swings  of  the  latter  in  the  course  of  a  little  time,  call  into  action 
the  swings  of  the  former.  Under  these  circumstances  we  have  the 
process  called  sympathetic  osdUation  or  sympathetic  resonance. 
The  essence  of  the  mechanical  effect  is  independent  of  the  rate  of 
motion,  which  may  be  fast  enough  to  excite  the  sensation  of 
sound,  or  slow  enough  not  to  produce  anything  of  the  kind. 
Musicians  are  well  acquainted  with  sympathetic  resonance.  When 
for  example  the  strings  of  two  violins  are  in  exact  unison,  and 
one  string  is  bowed,  the  other  will  begin  to  vibrate.     But  the 
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nature  of  the  process  is  best  seen  in  instances  where  the  vibrations 
are  slow  enough  for  the  eye  to  follow  the  whole  of  their  successive 
phases. 

Thus  for  example  it  is  known  that  the  largest  church-bells  may 
be  set  in  motion  by  a  man  or  even  a  boy  who  pulls  the  ropes 
attached  to  them  at  proper  and  r^ular  intervals,  even  when  their 
weight  of  metal  is  so  great  that  the  strongest  man  would  scarcely 
be  able  to  move  them  sensibly,  if  he  did  not  apply  his  strength  in 
definite  periodical  intervals.  When  such  a  bell  is  once  set  in 
motion,  it  continues,  like  a  struck  pendulum,  to  oscillate  for  some 
time,  until  it  gradually  returns  to  rest,  even  if  it  is  left  quite  by 
itself,  and  no  force  is  employed  to  arrest  its  motion.  The  motion 
diminishes  gradually,  as  we  know,  because  the  Motion  on  the  axis 
and  the  resistance  of  the  air  at  every  swing  destroys  a  portion  of 
the  existing  moving  force. 

As  the  bell  swings  backwards  and  forwards,  the  lever  and  rope 
fixed  to  its  axis  rise  and  fall.  If  when  the  lever  falls  a  boy  clings 
to  the  lower  end  of  the  bellrope,  his  weight  wiU  act  so  as  to  in- 
crease the  rapidity  of  the  existing  motion.  This  increase  of  velo- 
city may  be  very  small,  and  yet  it  will  produde  a  corresponding 
increase  in  the  extent  of  the  bell's  swings,  which  again  will  con- 
tinue for  a  while,  until  destroyed  by  the  friction  and  resistance  of 
the  air.  But  if  the  boy  clung  to  the  bellrope  at  a  wrong  time, 
while  it  was  ascending,  for  instance,  the  weight  of  his  body  would 
act  in  opposition  to  the  motion  of  the  bell,  and  the  extent  of 
swing  would  decrease.  Now,  if  the  boy  continued  to  cling  to 
the  rope  at  each  swing  so  long  as  it  was  falling,  and  then  let  it 
ascend  freely,  at  every  swing  the  motion  of  the  bell  would  be  only 
increased  in  speed,  and  its  swings  would  gradually  become  greater 
and  greater,  imtil  by  their  increase  the  motion  imparted  on  every 
oscillation  of  the  bell  to  the  walls  of  the  belfry,  and  the  external 
air  would  become  so  great  as  exactly  to  be  covered  by  the  power 
exerted  by  the  boy  at  each  swing. 

The  success  of  this  process  depends  therefore  essentially  on  the 
boy's  applying  his  force  only  at  those  moments  when  it  will  in- 
crease the  motion  of  the  bell.  That  is,  he  must  employ  his 
strength  periodically,  and  the  periodic  time  must  be  equal  to  that 
of  tbe  beU's  swing,  or  he  will  not  be  successful.  He  would  just  as 
eaaly  bring  the  swinging  bell  to  rest,  if  he  clung  to  the  rope  only 
during  its  ascent,  and  thus  let  his  weight  be  raised  by  the  bell. 
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A  similar  experiment  which  can  be  tried  at  any  instant  is  the 
following.  Construct  a  pendulum  by  hanging  a  heavy  body  (such 
as  a  ring)  to  the  lower  end  of  a  thread,  holding  the  upper  end  in 
the  hand.  On  setting  the  ring  into  pendular  vibration,  it  will  be 
found  that  this  motion  can  be  gradually  and  considerably  increased 
by  watching  the  moment  when  the  pendulum  has  reached  its 
greatest  departure  from  the  vertical,  and  then  giving  the  hand  a 
very  small  motion  in  the  opposite  direction.  Thus,  when  the 
pendulum  is  furthest  to  tlie  right,  move  the  hand  very  slightly  to 
the  left ;  and  when  the  pendulum  is  furthest  to  the  left,  move  the 
hand  to  the  right.  The  pendulum  may  be  similarly  set  in  motion 
from  a  state  of  rest  by  giving  the  hand  similar  very  slight  motions 
having  the  same  periodic  time  as  the  pendulum's  own  swings.  The 
displacements  of  the  hand  may  be  so  small  under  these  circum- 
stances, that  they  can  scarcely  be  perceived  with  the  closest  atten- 
tion, a  circumstance  to  which  is  due  the  superstitious  application 
of  this  little  apparatus  as  a  divining  rod.^  If  namely  the  observer, 
without  thinking  of  his  hand,  follows  the  swings  of  the  pendulum 
with  his  eye,  the  hand  readily  follows  the  eye,  and  involuntarily 
moves  a  little  backwards  or  forwards,  precisely  in  the  same  time 
as  tbe  pendulum,  after  this  has  accidentally  begun  to  move.  These 
involimtary  motions  of  the  hand  are  usually  overlooked,  at  least 
when  the  observer  is  not  accustomed  to  exact  observations  on  such 
unobtrusive  influences.  By  tbis  means  any  existing  vibration  of 
the  pendulum  is  increased  and  kept  up,  and  any  accidental  motion 
of  the  ring  is  readily  converted  into  pendular  vibrations,  which 
seem  to  arise  spontaneously  without  any  co-operation  of  the 
observer,  and  are  hence  attributed  to  the  influence  of  hidden 
metals,  running  streams,  and  so  on. 

If  on  the  other  hand  the  motion  of  the  hand  is  intentionally 
made  in  the  contrary  direction,  the  pendulum  soon  comes  to  rest. 

The  explanation  of  the  process  is  very  simple.  When  the 
upper  end  of  the  thread  is  fastened  to  an  immovable  support,  the 
pendulum,  once  struck,  continues  to  swing  for  a  long  time,  and 
the  extent  of  its  swings  diminishes  very  slowly.  We  can  suppose 
the  extent  of  the  swings  to  be  measured  by  the  angle  which  the 

'  [See  many  details  of  the  motion  of  this  so-called  *  Odometer  or  Diyining  Ring ' 
in  Letter  XII.  of  Dr.  Herbert  Mayo's  *  On  the  Truths  contained  in  Popular  Super- 
stitions, with  an  account  of  Mesmerism,'  8to,  pp.  248,  London,  3rd  ed.  1851. — Trans- 
lator.] 
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tiiread  makes  with  the  vertical  on  its  greatest  deflection  from  it. 
Kthe  attached  body  at  the  point  of  greatest  deflection  lies  to  the 
right,  and  we  move  the  hand  to  the  left,  we  manifestly  increase 
the  angle  between  the  string  and  the  vertical,  and  consequently 
also  augment  the  extent  of  the  swing.  By  moving  the  upper  end 
of  the  string  in  the  opposite  direction  we  should  decrease  the 
extent  of  the  swing. 

In  this  case  there  is  no  necessity  for  moving  the  hand  in  the 
same  periodic  time  as  the  pendulum  swings.  We  might  move  the 
hand  backwards  and  forwards  only  at  every  third  or  fifbh  or  other 
swing  of  the  pendulum,  and  we  should  still  produce  large  swings. 
Thus,  when  the  pendulum  is  to  the  right,  move  the  hand  to  the 
left,  and  keep  it  still,  till  the  pendulum  has  swung  to  the  left, 
then  again  to  the  right,  and  then  once  more  to  the  left,  and  then 
return  the  hand  to  its  first  position,  afterwards  wait  till  the  pen- 
dulum has  swung  to  the  right,  then  to  the  left,  and  again  to  the 
right,  and  then  recommence  the  first  motion  of  the  hand.  In  this 
way  three  complete  vibrations  or  double  excursions  of  the  pendulum, 
will  correspond  to  one  left  and  right  motion  of  the  hand.  In  the 
same  way  one  left  and  right  motion  of  the  hand  may  be  made  to 
correspond  with  seven  or  more  swings  of  the  pendulum.  The 
meaning  of  this  process  is  always  that  the  motion  of  the  hand 
most  in  each  case  be  made  at  such  a  time  and  in  such  a  direction 
as  to  be  opposed  to  the  deflection  of  the  pendulum  and  consequently 
to  increase^  it. 

By  a  slight  alteration  of  the  process  we  can  easily  make  two, 
four,  six,  &c.,  swings  of  the  pendulum  correspond  to  one  left 
and  right  motion  of  the  hand ;  for  a  sudden  motion  of  the  hand  at 
the  instant  of  the  pendulum's  passage  through  the  vertical  has  no 
influence  on  the  size  of  the  swings.  Hence  when  the  pendulum 
lies  to  the  right  move  the  hand  to  the  left,  and  so  increase  its 
velocity,  let  it  swing  to  the  left,  watch  for  the  moment  of  its  pass- 
ing the  vertical  line,  and  at  that  instant  retium  the  hand  to  its 
(niginal  position,  allow  it  to  reach  the  right,  and  then  again  the 
left  and  once  more  the  right  extremity  of  its  arc,  and  then  recom- 
mence the  first  motion  of  the  hand. 

We  are  able  then  to  communicate  violent  motion  to  the  pen- 
duhim  by  very  small  periodical  vibrations  of  the  hand,  having  their 
periodic  time  exactly  as  great,  or  else  two,  three,  four,  &c.  times 
M  great  as  that  of  the  pendular  oscillation.     We  have  here  con- 
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sidered  that  the  motion  of  the  hand  is  backwards.  This  is  not 
necessary.  It  may  take  place  continuously  in  any  other  way  we 
please.  When  it  moves  continuously  there  will  be  generally  por- 
tions of  time  during  which  it  will  increase  the  pendulum's  motion, 
and  others  perhaps  in  which  it  will  diminish  the  same.  In  order 
to  create  strong  vibrations  in  the  pendulum,  then,  it  will  be  neces- 
sary that  the  increments  of  motion  should  be  permanently  predo- 
minant, and  should  not  be  neutralised  by  the  sum  of  the  decre- 
ments. 

Now  if  a  determinate  periodic  motion  were  assigned  to  the 
hand,  and  we  wished  to  discover  whether  it  would  produce  con- 
siderable vibrations  in  the  pendulum,  we  could  not  always  predict 
the  result  without  calculation.  Theoretical  mechanics  would, 
however,  prescribe  the  following  process  to  be  pursued :  Analyse 
the  periodic  motion  of  the  hand  into  a  sum  of  aimph  pendular 
vibrations  of  the  hand — exactly  in  the  same  way  as  was  laid  down 
in  the  last  chapter  for  the  periodic  motions  of  the  particles  of  air, 
• — then,  if  the  periodic  time  of  one  of  these  vibrations  is  equal 
to  the  periodic  time  of  the  pendulum^s  own  oscillations,  the  pen- 
dulum will  be  set  into  violent  motion,  but  not  otherwise.  We 
might  compound  small  pendular  motions  of  the  hand  out  of  vibra- 
tions of  other  periodic  times,  as  much  as  we  liked,  but  we  should 
fail  to  produce  any  lasting  strong  swings  of  the  pendulum.  Hence 
the  analysis  of  the  motion  of  the  hand  into  pendular  swings  has  a 
real  meaning  in  nature,  producing  determinate  mechanical  effects, 
and  for  the  present  purpose  no  other  analysis  of  the  motion  of  the 
hand  into  any  other  partial  motions  can  be  substituted  for  it. 

In  the  above  examples  the  pendulum  could  be  set  into  sympa- 
thetic vibration,  when  the  hand  moved  periodically  at  the  same 
rate  as  the  pendulum ;  in  this  case  the  longest  partial  vibration  of 
the  hand,  corresponding  to  the  prime  tone  of  a  resonant  vibration, 
was,  so  to  speak,  in  unison  with  the  pendulum.  When  three  swings 
of  the  pendulum  went  to  one  backwards  and  foi-wards  motion  of 
the  hand,  it  was  the  third  partial  swing  of  the  hand,  answering  as 
it  were  to  the  Twelfth  of  its  prime  tone,  which  set  the  pendulum 
in  motion.     And  so  on. 

The  same  process  that  we  have  thus  become  acquainted  with 
for  swings  of  long  periodic  time,  holds  precisely  for  swings  of  so 
short  a  period  as  resonant  vibrations.  Any  elastic  body  which  is 
so  fastened  as  to  admit  of  continuing  its  vibrations  for  some  length 
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of  time  when  once  set  in  motion,  can  also  be  made  to  vibrate 
sympathetically,  when  it  receives  periodic  agitations  of  compara* 
tively  small  amounts,  having  a  periodic  time  corresponding  to  that 
of  its  own  tone. 

Gently  touch  one  of  the  keys  of  a  pianoforte  without  striking 
the  string,  so  as  to  raise  the  damper  only,  and  then  sing  a  note  of 
the  corresponding  pitch  forcibly  directing  the  voice  against  the 
strings  of  the  instrument.  On  ceasing  to  sing,  the  note  will  be 
echoed  back  from  the  piano.  It  is  easy  to  discover  that  this  echo 
is  caused  by  the  string  which  is  in  imison  with  the  note,  for 
directly  the  hand  is  removed  from  the  key,  and  the  damper  is 
allowed  to  fall,  the  echo  ceases.  The  sympathetic  vibration  of 
the  string  is  still  better  shewn  by  putting  little  paper  riders  upon 
it,  which  are  jerked  off  as  soon  as  the  string  vibrates.  The  more 
exactly  the  singer  hits  the  pitch  of  the  string,  the  more  strongly 
it  vibrates.  A  very  little  deviation  from  the  exact  pitch  fails  in 
exciting  sympathetic  vibration. 

In  this  experiment  the  sounding  board  of  the  instrument  is 
first  struck  by  the  vibrations  of  the  air  excited  by  the  hiunan 
voice.  The  soimding  board  is  well-known  to  consist  of  a  broad 
flexible  wooden  plate,  which,  owing  to  its  extensive  surface,  is  better 
adapted  to  convey  the  agitation  of  the  strings  to  the  air,  and  of 
the  air  to  the  strings,  than  the  small  sur&ce  over  which  string 
and  air  are  themselves  directly  in  cohtact.  The  sounding  board  first 
communicates  the  agitations  which  it  receives  from  the  air  excited 
by  the  singer,  to  the  points  where  the  string  is  fiistened.  The 
magnitude  of  any  single  such  agitation  is  of  course  infinitesimally 
smalL  A  very  large  number  of  such  effects  must  necessarily  be 
aggregated,  before  any  sensible  motion  of  the  string  can  be 
catised.  And  such  a  continuous  addition  of  effects  really  takes 
place,  if,  as  in  the  preceding  experiments  with  the  bell  and  the 
pendulum,  the  periodic  time  of  the  small  agitations  which  are 
communicated  to  the  extremities  of  the  string  by  the  air  through 
the  intervention  of  the  sounding  board,  exactly  correspond  to  the 
periodic  time  of  the  string's  own  vibrations.  When  this  is  the 
case,  the  string  will  really  be  set  by  a  long  series  of  such  vibra- 
tions into  motion  which  is  very  violent  in  comparison  with  the 
exciting  cause. 

In  place  of  the  human  voice  we  might  of  course  use  any  other 
musical  instrument.     Provided  only  that  it  can  produce  the  tone 
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of  the  pianoforte  string  accurately  and  sustain  it  powerfully,  it 
will  bring  the  latter  into  sympathetic  vibration.  In  place  of  a 
pianoforte,  again,  we  can  employ  any  other  stringed  instrument 
having  a  sounding  board,  as  a  violin,  guitar,  harp,  &c.,  and  also 
stretched  membranes,  bells,  elastic  tongues  or  plates  &c.,  provided 
only  that  the  latter  are  so  fastened  as  to  admit  of  their  giving  a 
tone  of  sensible  duration  when  once  made  to  sound. 

When  the  pitch  of  the  original  resonant  body  is  not  exactly  that 
of  the  sympathising  body,  or  that  which  is  meant  to  vibrate  in 
sympathy  with  it,  the  latter  will  nevertheless  often  make  sensible 
sympathetic  vibrations,  which  will  diminish  in  amplitude  as  the 
difference  of  pitch  increases.  But  in  this  respect  different  re- 
sonant bodies  shew  great  differences,  according  to  the  length  of 
time  for  which  they  continjie  to  sound  after  having  been  set  in 
action  before  communicating  their  whole  motion  to  the  air. 

Bodies  of  small  mass,  which  readily  communicate  their  motion 
to  the  air,  and  quickly  cease  to  sound,  as,  for  example,  stretched 
membranes  or  violin  strings,  are  readily  set  in  sympathetic  vibra- 
tion, because  the  motion  of  the  air  is  conversely  readily  trans- 
ferred to  them,  and  they  are  also  sensibly  moved  by  sufficiently 
strong  agitations  of  the  air,  even  when  the  latter  have  not  pre- 
cisely the  same  periodic  time  as  the  natural  tone  of  the  sympa- 
thising bodies.  The  limits  of  pitch  capable  of  exciting  sympa^ 
thetic  vibration  are  consequently  a  little  broader  in  this  case.  By 
the  comparatively  greater  influence  of  the  motion  of  the  air  upon 
light  elastic  bodies  of  this  kind  which  offer  but  little  resistance, 
their  natural  periodic  time  can  be  slightly  altered,  and  adapted 
to  that  of  the  exciting  tone.  Massive  elastic  bodies,  on  the  other 
hand,  which  are  not  readily  movable,  and  are  slow  in  communi- 
cating their  resonant  vibrations  to  the  air,  such  as  bells  and  plates, 
and  continue  to  sound  for  a  long  time,  are  also  more  difficiQt  to 
move  by  the  air.  A  much  longer  addition  of  effects  is  required 
for  this  purpose,  and  consequently  it  is  also  necessary  to  hit  the 
pitch  of  their  own  tone  with  much  greater  nicety,  in  order  to 
make  them  vibrate  sympathetically.  Still  it  is  well  known  that 
bell-shaped  glasses  can  be  put  into  violent  motion  by  singing 
their  proper  tone  into  them ;  indeed  it  is  related  that  singers 
with  very  powerful  and  pure  voices,  have  sometimes  been  able  to 
crack  them  by  the  agitation  thus  caused.  The  principal  difficulty 
in  this  experiment  is  in  hitting  the  pit'Ch  with  sufficient  precision, 
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ind  retaining  the  tone  at  that  exact  pitch  for  a  sufficient  length 
of  time. 

Timing  forks  are  the  moat  difficult  to  set  in  sympathetic  vibra- 
tion. To  effect  this  they  must  be  fastened  on  sounding  boxes 
vhicb  have  been  exactly  tuned  to  their  tone,  as  shewn  in  fig.  13. 
If  we  hare  two  such  forks 
of  exactly  the  satne  pitch, 
and  excite  one  by  a  violin 
bow,  the  other  will  begin 
to  vibrate  in  sympathy, 
even  if  placed  at  the 
further  end  of  the  same 
room,  and  it  will  continue 
to  sound,  when  the  first 
udamped.  Theaetonish- 
iog  nature  of  such  a  case 
of  sympathetic  vibration 
mil  appear,  if  we  merely 
compare  the  heavy  and  . 
powerful  mass  of  steel  set 
in  motion,  with  the  light  yielding  mass  of  air  which  produces  the 
effect  by  such  small  motive  powers  that  they  could  not  stir  the 
lightest  spring  which  was  not  in  tune  with  the  fork.  With  such  forks 
the  time  required  to  set  them  in  full  swing  by  sympathetic  action, 
is  also  of  sensible  duration,  and  the  slightest  disagreement  in  pitch 
is  sufficient  to  produce  a  sensible  diminution  in  the  sympathetic 
effect.  By  sticking  a  piece  of  wax  to  one  prong  of  the  second 
fork,  sufficient  to  make  it  vibrate  once  in  a  second  less  than  the 
first — a  difference  of  pitch  scarcely  scniilble  to  the  finest  ear — the 
sympathetic  vibration  will  be  wholly  destroyed. 

After  having  thus  described  the  phenomenon  of  sympathetic 
vibration  in  general,  we  proceed  to  investigate  the  influence  ex- 
erted in  fiympatbetic  resonance  by  the  different  forms  of  wave  of 
t  musical  tone. 

First,  it  must  be  observed  that  most  elastic  bodies  which  have 
beo)  set  into  sustained  vibration  by  a  gentle  force  acting  peri- 
odically, are  (with  a  few  exceptions  to  be  considered  hereafter) 
always  made  to  swing  in  pendular  vibrations.  But  they  are  in 
SSKol  capable  of  executing  several  kinds  of  such  vibration,  with 
Afferent  periodic  times  and  with  a  different  distribution  over  the 
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various  parts  of  the  vibrating  body.  Hence  to  the  different 
lengths  of  the  periodic  times  correspond  different  simple  tones 
producible  on  such  an  elastic  body.  These  are  its  so-called  'proper 
tones.  It  is,  however,  only  exceptionally,  as  in  strings  and  the 
narrower  kinds  of  organ  pipes,  that  these  proper  tones  correspond 
in  pitch  with  the  harmonic  upper  partial  tones  of  a  musical  tone 
already  mentioned.  They  are  for  the  most  part  inharmonic  in 
relation  to  the  prime  tone. 

In  many  cases  the  vibrations  and  their  mode  of  distribution 
over  the  vibrating  bodies  can  be  rendered  visible  by  strewing  a 
little  fine  sand  over  the  latter.     Take,  for  example,  a  membrane 
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(as  a  bladder  or  piece  of  thin  india-rubber)  stretched  over  a 
circular  ring.  In  fig.  14  are  shewn  the  various  forms  which 
a  membrane  can  assume  when  it  vibrates.  The  diameters 
and  circles  on  the  surface  of  the  membrane,  mark  1  hose  points 
which  remain  at  rest  during  the  vibration,  and  are  known  as 
nodal  Imes.  By  these  the  surface  is  divided  into  a  number  of 
compartments  which  bend  alternately  up  and  down,  in  such  a  way 
that  while  those  marked  (  +  )  rise,  those  marked  ( — )  fall.  Over 
the  figures  a,  b,  c,  are  shewn  the  forms  of  a  section  of  the  mem- 
brane during  vibration.  Only  those  forms  of  motion  are  drawn 
which  correspond  with  the  deepest  and  the  most  easily  producible 
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tones  of  the  membrane.  The  number  of  circles  and  diameters 
can  be  increased  at  pleasure  by  taking  a  suflSciently  thin  mem- 
brane, and  stretching  it  with  sufficient  regularity,  and  in  this 
case  the  tones  would  continually  sharpen  in  pitch.  £y  strewing 
sand  on  the  membrane  the  figures  are  easily  rendered  visible,  for 
as  soon  as  it  begins  to  vibrate  the  particles  of  sand  collect  on  the 
nodal  lines. 

In  the  same  way  it  is  possible  to  render  visible  the  nodal  lines 
and  forms  of  vibration  of  oval  and  square  membranes,  and  of 
differently-shaped  plane  elastic  plates,  bars,  and  so  on.  These 
form  a  series  of  very  interesting  phenomena  discovered  by  Chladni, 
but  to  pursue  them  would  lead  us  too  far  from  our  proper  subject. 
It  will  suffice  to  give  a  few  details  respecting  the  simplest  case, 
that  of  a  circular  membrane. 

For  the  time  required  by  the  membrane  to  execute  100 
vibrations  of  the  form  a,  fig.  14,  (p.  64),  the  number  of  vibrations 
executed  by  the  other  forms  is  as  follows : — 


Focin  of  Vibration 

Vibrmtiona] 
Nmnber 

Pitch 

a    without  nodal  lines 

,    b    with  one  circle 

c     with  two  circles 

d    with  one  diameter 

■    e     with  one  diameter  and  one  circle          .... 

f     with  two  diameters 

100 

229-6 

359*9 

159 

292 

2U 

0 

The  prime  tone  has  been  here  arbitrarily  assumed  as  e,  in 
order  to  note  the  intervals  of  the  higher  tones.  Those  simple 
tones  produced  by  the  membrane  which  are  slightly  higher  than 
those  of  the  note  written,  are  marked  (  +  )  ;  those  lower,  by  (  —  ). 
In  this  case  there  is  no  commensurable  ratio  between  the  prime 
tone  and  the  other  tones,  that  is,  none  expressible  in  whole 
numbers. 

Strew  a  very  thin  membrane  of  this  kind  with  sand,  and  sound 
its  prime  tone  strongly  in  its  neighbourhood ;  the  sand  will  be 
driven  by  the  vibrations  towards  the  edge,  where  it  collects.  On 
producing  another  of  the  tones  of  the  membrane,  the  sand  collects 
in  the  corresponding  nodal  lines,  and  we  are  thus  easily  able  to 
determine  to  which  of  its  tones  the  membrane  has  responded.  A 
singer  who  knows  how  to  hit  the  tones  of  the  membrane  correctly, 
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can  tbu8  easily  make  the  sand  arrange  iteelf  at  pleasure  in  one 
order  or  the  other,  by  singing  the  corresponding  tones  powerfully 
at  a  distance.  But  in  general  tlie  simpler  figures  of  the  deeper 
tones  are  more  easily  generated  than  the  complicated  figures  of 
the  upper  tones.  It  is  easiest  of  all  to  set  the  mranbrane  iu 
general  motion  by  sounding  its  prime  tone,  and  hence  such  mem- 
branes have  been  much  used  in  acoustics  to  prove  the  existence  of 
some  determinate  tone  in  some  determinate  spot  of  the  surrounding 
air.  It  is  most  suitable  for  this  purpose  to  counect  the  membrane 
with  an  inclosed  mass  of  air.  A,  fig.  15,  is  a  glass  bottle,  having 
an  open  mouth  a,  and  in 
place  of  its  bottom  b,  a 
stretched  membrane,  con- 
sisting of  wet  pig's  blad- 
der, allowed  to  dry  after 
it  has  been  stretched  and 
fastened.  At  c  is  at- 
tached a  single  fibre  of  a 
silk  cocoon,  bearing  a  drop  of  sealing  wax,  and  banging  down  like 
a  pendulum  against  the  membrane.  As  soon  as  the  membrane 
swings  the  little  pendulum  is  violently  agitated.  Such  a  pendu- 
lum is  very  convenient  as  long  as  we  have  no  reason  to  apprehend 
any  confusion  of  the  prime  tone  of  the  membrane  with  any  other 
of  its  proper  tones.  There  is  no  scattering  of  sand,  and  the  appa- 
ratus is  therefore  always  in  order.  But  to  decide  with  certainty 
what  tones  are  really  agitating  the  membrane,  we  must  after  all 
place  the  bottle  with  its  mouth  downwards  and  strew  sand  on  the 
meiQbrane.  However,  when  the  bottle  is  of  the  right  size,  and 
the  membrane  imiformly  stretched  and  fastened,  it  is  only  the 
prime  tone  of  the  membrane  (slightly  altered  by  that  of  the  sym- 
pathetically vibrating  mass  of  air  in  the  bottle)  which  is  easily 
excited.  This  prime  tone  can  be  made  deeper  by  increasing  tlie 
size  of  the  membrane,  or  the  volume  of  the  bottle,  or  by  diminish- 
ing the  tension  of  the  membrane  or  size  of  the  orifice  of  the 
bottle. 

A  stretched  membrane  of  this  kind,  whether  it  is  or  is  not 
attached  to  the  bottom  of  a  bottle,  will  not  only  be  set  in  vibration 
by  musical  tones  of  the  same  pitch  as  the  proper  tone  of  the  bottle, 
but  also  by  such  musical  tones  as  contain  the  proper  tone  of  the 
membrane  among  its  upper  partial  tones.     Generally,  given   a 
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number  of  interlaciDg  waves,  to  discover  whether  the  membrane 
will  vibrate  sympathetically,  suppose  the  motion  of  the  air  at  the 
given  place  to  be  mathematically  analysed  into  a  sum  of  pendular 
vibrations.  If  there  is  one  among  them  whose  periodic  time  is 
the  same  as  that  of  any  one  of  the  proper  tones  of  the  membrane, 
the  corresponding  vibrational  form  of  the  membrane  will  be  super- 
induced. But  if  there  are  none  such,  or  none  sufficiently  powerful, 
the  membrane  will  remain  at  rest. 

In  this  case  also,  then,  we  find  that  the  analysis  of  the  motion 
of  the  air  into  pendular  vibrations,  and  the  existence  of  certain 
Wbrations  of  this  kind,  are  decisive  for  the  sympathetic  vibration 
of  the  membrane,  and  in  this  case  no  other  similar  analysis  of  the 
motion  of  the  air  can  be  substituted  for  its  analysis  into  pendular 
vibrations.  The  pendular  vibrations  into  which  the  composite 
motion  of  the  air  can  be  analysed,  here  shew  themselves  capable 
of  producing  mechanical  effects  in  external  nature,  independently 
of  the  ear,  and  independently  of  mathematical  theory.  Hence 
the  statement  is  confirmed,  that  the  theoretical  view  which  first 
led  mathematicians  to  this  method  of  analysing  compound  vibra- 
tions, is  founded  in  the  nature  of  the  thing  itself. 

As  an  example  take  the  following  description  of  a  single 
experiment : — 

A  bottle  of  the  shape  shewn  in  fig.  15  (p.  66)  was  covered 
with  a  thin  vulcanised  india-rubber  membrane,  of  which  the 
vibrating  surface  was  49  millimetres  (1*93  inches)  in  diameter, 
the  bottle  being  140  millimetres  (6*51  inches)  high,  and  having 
an  opening  at  the  brass  mouth  of  13  millimetres  ('41  inches)  in 
diameter.  When  blown  it  gave/%  and  the  sand  heaped  itself  in 
a  circle  near  the  edge  of  the  membrane.  The  same  circle  resulted 
from  my  giving  the  same  tone  f%  on  a  physharmonica,^  or  its 
deeper  Octave /jf,  or  the  deeper  Twelfth  B.  Both  F^  and  B  gave 
the  same  circle,  but  more  weakly.  Now  the/'jf  of  the  membrane 
is  the  prime  tone  of  the  physharmonica  tone/'JJ,  the  first  upper 
partial  tone  olf%  the  second  of  5,  the  third  of  F%  and  fourth  of 
D?    All  these  notes  on  being  sounded  set  the  membrane  in  the 

'  [Any  anch  imtrument  as  an  accordion,  month-harmonica,  pitch-reed,  formed  of 
hanoonium  vibrators,  &c. — Translator,] 

»  [For  the  partials  of/  are/«./t,  &c.;  of  Bare  B,  6,/»ir,  &c.;  of  JF^  are  f|,  fS, 
(t,f%  &c  and  of  D  are  D,  d,  fa,  <f ,  /'I,  &c.,  where  fa  has  the  vibrational  nnmler 
222}  instead  of  the  220  of  a  ;  see  Appendix  XIX,  Section  A. — Transhior.] 
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motion  due  to  its  deepest  tone.  A  second  smalter  circle,  19  milli- 
metres (-75  incties)  in  diametet  vas  produced  on  the  membrane 
by  b'  and  the  same  more  &intly  by  b,  and  there  was  a  trace  of  it 
for  the  deeper  Tnelilh  e,  that  is,  for  simple  tones  of  which  vibra- 
tional numbers  were  \  and  ^  that  of  b'. 

Such  stretched  membranes  are  very  convenient  for  these  and 
similar  experiments  on  compound  tonea.     They  have  the  great 
advantage  of  being  independent  of  the  ear,  but  they  are  not  very 
sensitive  for  the  fainter  simple  tones.     Their  sensitiveuese  is  far 
Pj    j.  inferior  to  that  of  the  rea'ond- 

tora  which  I  have  introduced. 
These  are  hollow  spheres  of 
glass  or  metal,  or  tubes,  with 
two  openings  as  shewn  in  fige. 
I6aandl6b.  Oneopening(a) 
*  has  sharp  edges,  the  other  (b) 
is  funnel  shaped,  and  adapted 
for  insertion  into  the  ear. 
This  smaller  end  I  usually 
surround  with  melted  sealing 
wax,  and  when  it  has  cooled  down  enough  not  to  hurt  the  finger 
on  being  touched,  but  is  still  soft,  I  press  the  opening  into  the 
entrance  of  my  ear.  The  sealing  wax  thus  moulds  itself  to  the 
shape  of  the  inner  sur&ce  of  this  opening,  and  when  I  subsequently 


use  the  resonator,  it  fits  easily  and  is  air-tight.  Such  an  instru- 
ment is  very  like  the  resonance  bottle  already  described,  fig.  15 
(p.  66),  for  which  the  observer's  own  tympanic  membrane  has  been 
made  to  replace  the  former  artificial  membrane. 

The  mass  of  air  in  a  resonator,  together  with  that  in  the  aural 
passage,  and  with  the  tympanic  membrane  or  drum-skin  itself, 
forms  an  elastic  system  which  is  capable  of  vibrating  in  a  pcciUiar 
manner,  and,  in  especial,  the  prime  tone  of  ihe  sphere,  which  is 


Chap.  m.  RESONATOBS-  69 

much  deeper  than  any  other  of  its  proper  tones,  can  be  set  into  very 
powerful  sympathetic  vibration,  and  then  the  ear,  which  is  in  im- 
mediate connection  with  the  air  inside  the  sphere  perceives  this 
augmented  tone  by  direct  action.  If  we  stop  one  ear  (which  is 
best  done  by  a  plug  of  sealing  wax  moulded  into  the  form  of  the 
entrance  of  the  ear),  and  apply  a  resonator  to  the  other,  most  of 
the  tones  produced  in  the  surroimding  air  will  be  considerably 
damped ;  but  if  the  proper  tone  of  the  resonator  is  sounded,  it 
brays  into  the  ear  most  powerfully.  Hence  any  one,  even  if  he 
has  no  ear  for  music  or  is  quite  unpractised  in  detecting  musical 
sounds,  is  put  in  a  condition  to  pick  the  required  simple  tone,  even 
if  comparatively  faint,  from  out  of  a  great  number  of  others. 
The  proper  tone  of  the  resonator  may  even  be  sometimes  heard 
cropping  up  in  the  whistling  of  the  wind,  the  rattling  of  carriage 
wheels,  the  splashing  of  water.  For  these  purposes  such  resonators 
are  incomparably  more  sensitive  than  tuned  membranes.  When  the 
simple  tone  to  be  observed  is  faint  in  comparison  with  those  which 
accompany  it,  it  is  of  advantage  to  apply  the  resonator  and  with- 
draw it  a  little  alternately.  We  thus  easily  feel  whether  the  proper 
tone  of  the  resonator  begins  to  sound  when  the  instrument  is  applied, 
whereas  a  uniform  continuous  tone  is  not  so  readily  perceived. 

A   properly  tuned  series   of  such  resonators  is  therefore   an 
important  instrument  for  experiments  in  which  individual  faint 
tones  have  to  be  distinctly  heard,  although  accompanied  by  others 
which  are  strong,  as  in  observations  on  the  combinational  and 
upper  partial  tones,  and  a  series  of  other  phenomena  to  be  here- 
after described  relating  to  chords.     By  their  means  such  researches 
can  be  carried  out  even  by  ears  quite  untrained  in  musical  obser- 
vation, whereas  it  had  been  previously  impossible  to  conduct  them 
except  by  trained   musical  ears,  and   much    strained   attention 
properly  assisted.      These  tones  were  consequently  accessible  to 
the  observation  of  only  a  very  few  individuals ;  and  a  large  number 
of  physicists  and  even  musicians  had  indeed  never  succeeded  in 
distinguishing  them.     And  again  even   the  trained  ear  is  now 
able,  with  the  assistance  of  resonators,  to  carry  the  analysis  of  a 
mass  of  musical  tones  much  further  than  before.     Without  their 
help,  indeed,  I  should  scarcely  have    succeeded  in  making  the 
oheervations  hereafter  described,  with  so  much  precision  and  cer- 
tainty, as  at  present.* 

'  Sec  Appendix  II.  for  the  measures  and  coDstruction  of  these  Rewnatore. 
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It  must  be  carefully  noted  that  the  ear  does  not  hear  the 
required  tone  with  augmented  force,  unless  that  tone  attains  a 
considerable  intensity  within  the  mass  of  air  inclosed  in  the 
resonator.  Now  the  mathematical  theory  of  the  motion  of  the 
air  shews  that,  so  long  as  the  amplitude  of  the  vibrations  is 
sufficiently  small,  the  inclosed  air  will  execute  pendular  oscillations 
of  the  same  periodic  time  as  those  in  the  external  air,  and  none 
other,  and  that  only  those  pendular  oscillations  whose  periodic 
time  corresponds  with  that  of  the  proper  tone  of  the  resonator, 
have  any  considerable  strength ;  the  intensity  of  the  rest  diminish- 
ing as  the  difference  of  their  pitch  from  that  of  the  proper  tone 
increases.  All  this  has  nothing  to  do  with  -the  connection  of  the 
ear  and  resonator,  except  in  so  far  as  the  tympanic  membrane 
forms  one  of  the  inclosing  walls  of  the  mass  of  air.  Theoretically 
this  apparatus  does  not  differ  from  the  bottle  with  an  elastic 
membrane,  in  fig.  15  (p.  66),  but  its  sensitiveness  is  amazingly 
increased  by  using  the  drumskin  of  the  ear  for  the  closing  mem- 
brane of  the  bottle,  and  thus  bringing  it  in  direct  connection  with 
the  auditory  nerves  themselves.  Hence  we  cannot  obtain  a  power- 
ful tone  in  the  resonator  except  when  an  analysis  of  the  motion 
of  the  external  air  into  pendular  vibrations,  would  shew  that  one 
of  them  has  the  same  periodic  time  as  the  proper  tone  of  the 
resonator.  Here  again  no  other  analysis  but  that  into  pendular 
vibrations  would  give  a  correct  result. 

It  is  easy  for  an  observer  to  convince  himself  of  the  above- 
named  properties  of  resonators.  Apply  one  to  the  ear,  and  let  a 
piece  of  harmonised  music,  in  which  the  proper  tone  of  the 
resonator  frequently  occurs,  be  executed  by  any  instruments.  As 
often  as  this  tone  is  struck,  the  ear  to  which  the  instrument  is 
held,  will  hear  it  violently  contrast  with  all  the  other  tones  of  the 
chord. 

This  proper  tone  will  also  often  be  heard,  but  more  weakly, 
when  deeper  musical  tones  occiu',  and  on  investigation  we  find 
that  in  such  cases  tones  have  been  struck  which  include  the  proper 
tone  of  the  resonator  among  tlieir  upper  partial  tones.  Such 
deeper  musical  tones  are  called  the  harmonic  aubtones  of  the 
resonator.  They  are  musical  tones  whose  periodic  time  is  exactly 
2,  3,  4,  5,  and  so  on,  times  greater  than  that  of  the  resonator. 
Thus  if  the  proper  tone  of  the  resonator  is  &',  it  will  be  heard 
when  a  musical  instrument  soimds  </,  /,  c,  A^,  F,  2),  C,  and  so  on. 
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In  this  case  the  resonator  is  made  to  sound  in  sympathy  with  one 
of  the  harmonic  upper  partial  tones  of  the  compoimd  musical  tone 
which  is  vibrating  in  the  external  air.  It  must,  however,  be  noted 
that  by  no  means  all  the  harmonic  upper  partial  tones  occur  in 
the  compound  tones  of  every  instrument,  and  that  they  have  very 
different  degrees  of  intensity  in  different  instruments.  In  the 
musical  tones  of  violins,  pianofortes,  and  physharmonicas,  the  first 
five  or  six  are  generally  very  distinctly  present.  A  more  detailed 
account  of  the  upper  partial  tones  of  strings  will  be  given  in  the 
next  chapter.  On  the  physharmonica  the  uneven  partial  tones 
(1,  3, 5,  &c.)  are  generally  stronger  than  the  even  ones  (2, 4,  6,  &c.) 
In  the  same  way,  the  upper  partial  tones  are  clearly  heard  by 
means  of  the  resonators  in  the  singing  tones  of  the  hmnan  voice, 
but  differ  in  strength  for  the  different  vowels,  as  will  be  shewn 
hereafter. 

Among  the  bodies  capable  of  strong  sympathetic  vibration 
must  be  reckoned  stretched  strings,  which  are  connected  with  a 
sounding  board,  as  on  the  pianoforte.  The  principal  mark  of  dis- 
tinction between  strings  and  the  other  bodies  which  vibrate  sympa- 
thetically, is  that  different  forms  of  vibrating  strings  give  simple 
tones  corresponding  to  the  Itarmonic  upper  partial  tones  of  the 
prime  tone,  whereas  the  secondary  simple  tones  of  membranes, 
bells,  rods,  &c.,  have  a  different  form  of  vibration,  i?i.harmonic 
with  the  prime  tone,  and  the  masses  of  air  in  resonators  have 
generally  only  very  high  upper  partial  tones,  also  chiefly  i7ihar- 
monic  with  the  prime  tone,  and  not  capable  of  being  much 
reinforced  by  the  resonator. 

The  vibrations  of  strings  may  be  studied  either  on  elastic 
chords  loosely  stretched,  and  not  sonorous,  but  swinging  so  slowly 
that  their  motion  may  be  followed  with  the  hand  and  eye,  or  else 
on  sonorous  strings,  as  those  of  the  pianoforte,  guitar,  monochord, 
or  violin.  Strings  of  the  first  kind  are  best  made  of  thin  spirals 
of  brass  wire,  six  to  ten  feet  in  length.  They  should  be  gently 
stretched,  and  both  ends  should  be  fastened.  A  string  of  this 
construction  makes  ample  excursions  with  great  regularity,  which 
are  easily  seen  by  a  large  audience.  The  swings  are  excited  by 
moving  the  string  regularly  backwards  and  forwards  by  the  finger 
near  to  one  of  its  extremities. 

A  string  may  be  first  made  to  vibrate  as  in  fig.  17,  a  (p.  72),  so 
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that  its  appearance  when  displaced  from  its  position  of  rest  is 
always  that  of  a  simple  half  wave.  The  string  in  this  case  gives  a 
single  simple  tone,  the  deepest  it  can  produce,  and  no  other 
harmonic  secondary  tones  are  audible. 

But  the  string  may  also  during  its  motion  assume  the  forms 
fig.  17,  b,  c,  d.  In  this  case  the  form  of  the  string  is  that  of  two, 
three,  or  four  half  waves  of  a  simple  wave  curve.  In  the  vibra- 
tional form  b  the  string  produces  only  the  upper  Octave  of  its 
prime  tone,  in  the  form  c  the  Twelfth,  and  in  the  form  d  the 
second  Octave.     The  dotted  lines  shew  the  position  of  the  string 

Fio.  17. 
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at  the  end  of  half  its  periodic  time.  In  b  the  point  fi  remains  at 
rest,  in  c  two  points  7  and  7,  remain  at  rest,  in  d  three  points 
^1?  ^2*  ^»*  These  points  are  called  nodes.  In  a  swinging  spiral  wire 
the  nodes  are  readily  seen,  and  for  a  resonant  string  they  are 
sliewn  by  little  paper  riders,  which  are  jerked  oflF  from  the  vibrating 
parts  and  remain  sitting  on  the  nodes.  When,  then,  the  string  is 
divided  by  a  node  into  two  swinging  sections,  it  produces  a  simple 
tone  having  a  vibrational  number  double  that  of  the  prime  tone. 
For  three  sections  the  vibrational  number  is  tripled,  for  four  sec- 
tions quadrupled,  and  so  on. 
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To  bring  a  spiral  wire  into  the«e  diflFerent  forms  of  vibration, 
we  either  move  it  periodically  with  the  finger  near  one  extremity, 
adopting  the  period  of  its  slowest  swings  for  a,  twice  that  rate  for 
b,  three  times  for  c,  and  four  times  for  d.  Or  we  just  gently  touch 
one  of  the  nodes  nearest  the  extremity  with  the  finger,  and  pluck 
the  string  half-way  between  this  node  and  the  nearest  end. 
Hence  when  71  in  c,  or  Sj  in  d,  is  kept  at  rest  by  the  finger,  we 
pluck  the  string  at  e.  The  other  nodes  then  appear  when  the 
vibration  commences. 

For  a  resonant  string  the  vibrational  forms  of  fig.  17  (p.  72) 
are  most  purely  produced  by  applying  to  its  sounding  board  the 
handle  of  a  timing  fork  which  has  been  struck  and  gives  the  simple 
tone  corresponding  to  the  form  required.  If  only  a  determinate 
number  of  nodes  are  desired,  and  it  is  indifferent  whether  the 
individual  points  of  the  string  do  or  do  not  execute  simple  vibra- 
tions, it  is  sufficient  to  touch  the  string  very  gently  at  one  of  the 
nodes  and  either  pluck  the  string  or  rub  it  with  a  violin  bow.  By 
touching  the  string  with  the  finger  all  those  simple  vibrations  are 
damped  which  have  no  node  at  that  point,  and  only  those  remain 
which  allow  the  string  to  be  at  rest  in  that  place. 

The  number  of  nodes  in  long  thin  strings  may  be  considerable. 
They  cease  to  be  formed  when  the  sections  which  lie  between  the 
nodes  are  too  short  and  stiff  to  be  capable  of  resonant  vibration. 
Very  fine  strings  consequently  give  a  greater  number  of  higher 
tones  than  thicker  ones.  On  the  violin  and  the  lower  pianoforte 
strings  it  is  not  very  difficult  to  produce  tones  with  ten  sections  ; 
but  with  extremely  fine  wires  tones  with  sixteen  or  twenty  sections 
can  be  made  to  sound. 

The  forms  of  vibration  here  spoken  of  are  those  in  which  each 
point  of  the  string  performs  pendular  oscillations.     Hence  these 
motions  excite  in  the  ear  the  sensation  of  only  a  single  simple 
tone.     In  all  other  vibrational  forms  of  the  strings,  the  oscillations 
are  not  simply  pendular,  but  take  place  according  to  a  different 
and  more  complicated  law.     This  is  always  the  case  when  the 
string  is   plucked   in   the  usual   way   with   the    finger   (as   for 
guitar,  harp,    zither)  or  is  struck  with    a    hammer   (as   on   the 
pianoforte),    or   is  rubbed  with   a   violin    bow.      The   resulting 
motions  may  then  be  regarded  as  compounded  of  many  simple 
vibrations,  which  taken  separately  correspond  to  those  in  fig.  17 
(p.  72).     The  multiplicity  of  such  composite  forms  of  motion  is 
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infinitely  great,  the  string  may  indeed  be  considered  as  capable  of 
assuming  any  given  form  (provided  we  confine  ourselves  in  all 
cases  to  very  small  deviations  from  the  position  of  rest),  because, 
according  to  what  was  said  in  Chapter  II,,  any  given  form  of  wave 
can  be  compoimded  out  of  a  number  of  simple  waves  such  as  are 
shewn  in  fig.  17,  a,  b,  c,  d  (p.  72).  A  plucked,  struck,  or  bowed 
string  therefore  allows  a  great  number  of  harmonic  upper  partial 
tones  to  be  heard  at  the  same  time  as  the  prime  tone,  and  generally 
the  number  increases  with  the  fineness  of  the  string.  The  pecu- 
liar clink  or  chink  of  very  fine  metallic  strings,  is  clearly  due  to 
these  very  high  secondary  tones.  It  is  easy  to  distinguish  the 
upper  simple  tones  up  to  the  sixteenth  by  means  of  resonators. 
Beyond  the  sixteenth  they  are  too  close  to  each  other  to  be  dis- 
tinctly separable  by  this  means. 

Hence  when  a  string  is  sympathetically  excited  by  a  musical 
tone  in  its  neighbourhood,  answering  to  the  pitch  of  the  prime 
tone  of  the  string,  a  whole  series  of  different  simple  vibrational 
forms  will  generally  be  at  the  same  time  generated  in  the  string. 
For  when  the  prime  tone  of  the  musical  tone  corresponds  to  the 
prime  tone  of  the  string  all  the  harmonic  upper  partial  tones  of 
the  first  correspond  to  those  of  the  second,  and  are  hence  capable 
of  exciting  the  corresponding  vibrational  forms  in  the  string. 
Generally  the  string  will  be  brought  into  as  many  forms  of  sympa- 
thetic vibration  by  the  motion  of  the  air  as  the  analysis  of  that 
motion  shews  that  it  possesses  simple  vibrational  forms  with  a 
periodic  time  equal  to  that  of  a  vibrational  form,  which  the  string 
is  capable  of  assuming.  But  as  a  general  rule  when  there  is  one 
such  simple  vibrational  form  in  the  air,  there  are  several  such,  and 
it  will  often  be  diflScult  to  determine  by  which  out  of  the  many 
possible  simple  tones  which  would  produce  the  eflfect,  the  string 
has  been  excited.  Consequently  the  usual  imweighted  strings  are 
not  so  convenient  for  the  determination  of  the  pitch  of  such  simple 
tones  existent  in  a  composite  mass  of  air  as  the  membranes  or  the 
inclosed  air  of  resonators. 

To  make  experiments  with  the  pianoforte  on  the  sympathetic 
vibrations  of  strings,  select  a  flat  instnmient,  raise  its  lid  so  as  to 
expose  the  strings,  then  press  down  the  key  of  the  string  (for  d 
suppose)  which  you  wish  to  put  into  sympathetic  vibration,  but  so 
slowly  that  the  hammer  does  not  strike,  and  place  a  little  chip  of 
wood  across  this  d  string.     You  will  find  the  chip  put  in  motion. 
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or  even  thrown  oflf  when  certain  other  strings  are  struck.  The 
motion  of  the  chip  is  greatest  when  one  of  the  subtones  of  c^ 
(p.  70)  is  struck,  as  c,  jP,  (7,  Ap,  jP,,  D^  or  C^  Some  but  much 
less  motion  also  occurs  when  one  of  the  upper  partial  tones  of  c^  is 
struck,  as  c",  g^^  or  c"',  but  in  this  last  case  the  chip  will  not 
move  if  it  has  been  placed  over  one  of  the  corresponding  nodes  of 
the  string.  Thus  if  it  is  laid  across  the  middle  of  the  string  it 
will  be  still  for  c"  and  &^\  but  will  move  for  gr".  Placed  at  one 
third  the  length  of  the  string  from  its  extremity,  it  will  not  stir 
for  g^\  but  will  move  for  c"  or  c"'.  Finally  the  string  (/  will  also 
be  put  in  motion  when  a  subtone  of  one  of  its  upper  partial  tones 
is  struck ;  for  example,  the  note/,  of  which  the  third  partial  tone 
(f'  is  identical  with  the  second  partial  tone  of  c!^.  In  this  case  also 
the  chip  remains  at  rest  when  put  on  to  the  middle  of  the  string 
<ff  which  is  its  node  for  </\  In  the  same  way  the  string  (/  will 
move,  with  the  formation  of  two  nodes,  for  g\  ^,  or  e(),  all  which 
notes  have  gr'^  as  an  upper  partial  tone,  which  is  also  the  third 
partial  of  </• 

Observe  that  on  the  pianoforte,  where  one  end  of  the  strings  is 
commonly  concealed,  the  position  of  the  nodes  is  easily  foimd  by 
pressing  the  string  gently  on  both  sides  and  striking  the  key.  If 
the  finger  is  at  a  node  the  corresponding  upper  partial  tone  will 
be  heard  purely  and  distinctly,  otherwise  the  tone  of  the  string  is 
dull  and  bad. 

As  long  as  only  one  upper  partial  tone  of  the  string  </  is 
excited,  the  corresponding  nodes  can  be  discovered,  and  hence  the 
particular  form  of  its  vibration  determined.  But  this  is  no  longer 
possible  by  the  above  mechanical  method  when  two  upper  partial 
tones  are  excited,  such  as  </'  and  g^\  as  would  be  the  case  if  both 
these  notes  were  struck  at  once  on  the  pianoforte,  because  the 
whole  string  of  (/  would  then  be  in  motion. 

Although  the  relations  for  strings  appear  more  complicated  to 
the  eye,  their  sympathetic  vibration  is  subject  to  the  same  law  as 
that  which  holds  for  resonators,  membranes,  and  other  elastic 
bodies.  The  sympathetic  vibration  is  always  determined  by  the 
analysis  of  whatever  resonant  motions  exist,  into  simple  pendular 
vibrations.  If  the  periodic  time  of  one  of  these  simple  vibrations 
corresponds  to  the  periodic  time  of  one  of  the  proper  tones  of  the 
elastic  body,  that  body,  whether  it  be  a  string,  a  membrane,  or 
a  mass  of  air,  will  be  put  into  strong  sympathetic  vibration. 
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These  facts  give  a  real  value  to  the  analysis  of  resonant  motion 
into  simple  pendular  vibration,  and  no  such  value  would  attach  to 
any  other  analysis.      Every  individual   single   system  of  waves 
formed  by  pendular  vibrations  exists  as  an  independent  mechanical 
unit,  expands,  and  sets  in  motion  other  elastic  bodies  having  the 
corresponding  proper  tone,  perfectly  undisturbed  by  any  other 
simple  tones  of  other  pitches  which  may  be  expanding  at  the  same 
time,  and  which  may  proceed  either  from  the  same  or  another  source 
of  sound.     Each  single  simple  tone,  then,  can,  as  we  have  seen,  l>e 
separated  from  the  composite  mass  of  tones,  by  mechanical  means, 
namely  by   bodies  which  will   vibrate   sympathetically  with    it. 
Hence  every  individual  partial  tone  exists  in  the  compound  musical 
tone  produced  by  a  single  musical  instrument,  just  as  truly,  and  in 
the  same  sense,  as  the  different  coloiu*8  of  the  rainbow  exist  in  the 
white  light  proceeding  from  the  sim  or  any  other  luminiferous  body. 
Light  is  also  only  a  vibrational  motion  of  a  peculiar  elastic  medium, 
the  luminiferous  ether,  just  as  sound  is  a  vibrational  motion  of  the 
air.     In  a  beam  of  white  light  there  is  a  species  of  motion  which 
may  he  represented  as  the  sum  of  many  oscillatory  motions  of  vari- 
ous periodic  times,  each  of  which  corresponds  to  one  particular  colour 
of  the  solar  spectrum.     But  of  course  each  particle  of  ether  at  any 
particular  moment  has  only  one  determinate  velocity,  and  only  one 
determinate   departure   from   its   mean   position,  just  like  each 
particle  of  air  in  a  space  traversed  by  many  systems  of  resonant 
waves.     The  really  existing  motion  of  any  particle  of  ether  is  of 
course  only  one  and  individual ;  and  our  theoretical  treatment  of 
it  as  compound,   is  in  a  certain  sense  arbitrary.     But  the  un- 
dulatory  motion  of  light  can  also  be  analysed  into   the  waves 
corresponding  to    the  separate  colours   by  external    mechanical 
means,  such  as  by  refraction  in  a  prism,  or  by  transmission  througli 
fine  gratings,  and  each  individual  simple  wave  of  light  correspond- 
ing to  a  simple  colour,  exists  mechanically  by  itself,  independently 
of  any  other  colour. 

We  must  therefore  not  hold  it  to  be  an  illusion  of  the  ear,  or 
mere  imagination,  when  in  the  musical  tone  of  a  single  note 
emanating  from  a  musical  instrument,  we  distinguish  many  partial 
tones,  as  I  have  found  musicians  inclined  to  think  even  when  they 
have  heard  those  partial  tones  quite  distinctly  with  their  own 
ears.  If  we  admitted  tliis,  we  should  have  also  to  look  upon  the 
colours  of  the  spectrum  which  are  separated  from  white  light,  as  a 
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CHAPTEE  IV. 

ON   THE   ANALYSIS   OF  MUSICAL  TONES   BT  THE   EAB. 

It  was  frequently  mentioned  in  the  preceding  chapter  that  musical 
tones  could  be  resolved  by  the  ear  alone,  unassisted  by  any  peculiar 
apparatus,  into  a  seriegof  partial  tones  corresponding  to  the  simple 
pendular  vibrations  in  a  mass  of  air,  that  is,  into  the  same  con- 
stituents as  those  into  which  the  motion  of  the  air  is  resolved  by 
the  sympathetic  vibration  of  elastic  bodies.  We  proceed  to  shew 
the  correctness  of  this  assertion. 

Any  one  who  endeavours  for  the  first  time  to  distinguish  the 
upper  partial  tones  of  a  musical  tone,  generally  finds  considerable 
diflSculty  in  merely  hearing  them. 

The  analysis  of  our  sensations  when  it  cannot  be  attached  to 
corresponding  diflferences  in  external  objects,  meets  with  peculiar 
difficulties,  the  nature  and  significance  of  which  will  occupy  our 
attention  hereafter.  The  attention  of  the  observer  has  generally 
to  be  drawn  to  the  phenomenon  he  has  to  observe,  by  peculiar  aids 
properly  selected,  imtil  he  knows  precisely  what  to  look  for ;  after 
he  has  once  succeeded,  he  will  be  able  to  throw  aside  such  crutches. 
Similar  difficulties  meet  us  in  the  observation  of  the  upper  partial 
tones  of  a  musical  tone.  I  shall  first  give  a  description  of  such 
processes  as  will  most  easily  put  an  untrained  observer  into  a 
position  to  recognise  upper  partial  tones,  and  I  will  remark  in 
passing  that  a  musically  trained  ear  will  not  necessarily  hear  upper 
partial  tones  with  greater  ease  and  certainty  than  an  untrained 
ear.  Success  depends  rather  upon  a  peculiar  power  of  mental 
abstraction  or  a  peculiar  mastery  over  attention,  than  upon  musical 
training.  But  a  musically  trained  observer  has  an  essential  ad- 
vantage over  one  not  so  trained  in  his  power  of  figuring  to  himself 
how  the  simple  sounds  sought  for  ought  to  sound,  whereas  the 
untrained  observer  has  continually  to  hear  these  tones  sounded  by 
other  means  in  order  to  keep  their  efiect  fresh  in  his  mind. 
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First  we  must  note,  that  the  uneven  partial  tones,  as  the  Fifths, 
Thirds,  Sevenths,  &c.,  of  the  prime  tones  are  usually  easier  to  hear 
than  the  even  ones,  which  are  Octaves  either  of  the  prime  tone  or 
of  some  of  the  upper  partials  which  lie  near  it,  just  as  in  a  chord 
we  more  readily  distinguish  whether  it  contains  Fifths  and 
Thirds  than  whether  it  has  Octaves.  The  second,  fourth,  and 
eighth  partials  are  higher  Octaves  of  the  prime,  the  sixth  partial 
an  Octave  above  the  third  partial,  or  the  Twelfth  of  the  prime ; 
and  some  practice  is  required  for  distinguishing  these.  Among 
the  uneven  partials  which  are  more  easily  distinguished,  the  first 
place  must  be  assigned,  from  its  usual  loudness,  to  the  third  partial, 
the  Twelfth  of  the  prime,  or  the  Fifth  of  its  first  higher  Octave. 
Then  follows  the  fifth  partial  as  the  major  Third  of  the  prime,  and, 
generally  very  feiint,  the  seventh  partial  as  the  minor  Seventh  *  of 
the  second  higher  Octave  of  the  prime,  as  will  be  seen  by  their 
following  expression  in  musical  notation,  for  the  compound 
tone  c. 


Ljr  ^,  J  -f^^^^_ 


± 


^ 


1  2 


3  4  5  6  7  8 


c  c"  /  c"  tf''  /'         I/'}}         e'' 

In  conmiencing  to  obser\'e  upper  partial  tones,  it  is  advisable 
just  before  producing  the  musical  tone  itself  which  you  wish  to 
analyse,  to  sound  the  note  you  wish  to  distinguish  in  it,  very 
gently,  and  if  possible  in  the  same  quality  of  tone  as  the  compound 
itself.  The  pianoforte  and  harmonium  are  well  adapted  for  these 
experiments,  because  they  both  have  upper  partial  tones  of  con- 
siderable power. 

First  gently  strike  on  a  piano  the  note  gr',  as  marked  above, 
and  after  letting  the  digital  rise  so  as  to  damp  the  string,  strike 
the  note  c,  of  which  ^  is  the  third  partial,  with  great  force,  and 
keep  your  attention  directed  to  the  pitch  of  the  ^  which  you  had 
just  heard,  and  you  will  hear  it  again  in  the  compound  tone  of  o. 
Similarly,  first  strike  the  fifth  partial  d'  gently,  and  then  c 
strongly.  These  upper  partial  tones  are  often  more  distinct  as 
the  sound  dies  away,  because  they  appear  to  lose  force  more  slowly 
than  the  prime.     The  seventh  and  ninth  partials  h>^  and  d'"  are 

'  [Or  more  corrcclly  atti-minor  Seventh ;  see  the  tabic  of  iuton-als  in  Chapter  X, 
—Translator.] 
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most  weak,  or  quite  absent  on  modem  pianos.  If  the  same  ex- 
periments are  tried  with  an  harmonium  in  one  of  its  louder 
stops,  the  seventh  partial  will  generally  be  well  heard,  and  some- 
times even  the  ninth. 

To  the  objection  which  is  sometimes  made  that  the  observer 
only  imagines  he  hears  the  partial  tone  in  the  compoimd,  because 
he  had  just  heard  it  by  itself,  I  need  only  remark  at  present 
that  if  (['  is  first  heard  as  a  partial  tone  of  c  on  a  good  piano, 
tuned  in  equal  temperament,  and  then  e!'  is  struck  on  the  instru' 
ment  itself,  it  is  quite  easy  to  perceive  that  the  latter  is  a  little 
sharper.  This  follows  from  the  method  of  tuning.  But  if  there 
is  a  difference  in  pitch  between  the  two  tones,  one  is  certainly 
not  a  continuation  of  the  mental  effect  produced  by  the  other. 
Other  facts  which  completely  refute  the  above  conception,  will  be 
subsequently  adduced. 

A  still  more  suitable  process  than  that  just  described  for  the 
piano,  can  be  adopted  on  any  stringed  instrument,  as  the  piano, 
monochord,  or  violin.  It  consists  in  first  producing  the  tone  we 
wish  to  hear,  as  an  harmonic,  [p.  37,  note]  by  touching  the  corres- 
ponding node  of  the  string  when  it  is  struck  or  rubbed.  The 
resemblance  of  the  tone  first  heard  to  the  corresponding  partial  of 
the  compound  is  then  much  greater,  and  the  ear  discovers  it  more 
readily.  It  is  usual  to  place  a  divided  scale  by  the  string  of  a 
monochord,  to  facilitate  the  discovery  of  the  nodes.  Those  for  the 
third  partial,  as  shewn  in  the  last  chapter,  divide  the  string  into 
three  equal  parts,  those  for  the  fifth  into  five,  and  so  on.  On  the 
piano  and  violin  the  position  of  these  points  is  easily  found  ex- 
perimentally, by  touching  the  string  gently  with  the  finger  in  the 
neighbourhood  of  the  node,  which  has  been  approximatively 
determined  by  the  eye,  then  striking  or  bowing  the  string,  and 
moving  the  finger  about  till  the  required  harmonic  comes  out 
strongly  and  purely.  By  then  sounding  the  string  at  one  time 
with  the  finger  on  the  node  and  at  another  without,  we  obtain  the 
required  upper  partial  at  one  time  as  an  harmonic,  and  at  another 
in  the  compound  tone  of  the  whole  string,  and  thus  learn  to  recog- 
nise the  existence  of  tlie  first  as  part  of  the  second,  with  compara- 
tive ease.  Using  thin  strings  which  have  loud  upper  partials,  I 
have  thus  been  able  to  recognise  the  partials  separately,  up  to  the 
sixteenth.  Those  which  lie  still  higher  are  too  near  to  each  other 
in  pitch  for  the  ear  to  separate  them  readily. 
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In  such  experiments  I  recommend  the  following  process.  Touch 
the  node  of  the  string  on  the  pianoforte  or  monochord  with  a 
camel's  hair  pencil,  strike  the  note,  and  immediately  remove  the 
pencil  from  the  string.  If  the  pencil  has  been  pressed  tightly  on 
the  string,  we  either  continue  to  hear  the  required  partial  as  an 
harmonic,  or  else  in  addition  hear  the  prime  tone  gently  sounding 
with  it.  On  repeating  the  excitement  of  the  string,  and  con- 
tinuing to  press  more  and  more  lightly  with  the  cameFs  hair 
pencil,  and  at  last  removing  the  pencil  entirely,  the  prime  tone 
of  the  string  will  be  heard  more  and  more  distinctly  with  the 
harmonic,  till  at  last  we  have  the  full  natural  musical  tone  of  the 
string.  By  this  means  we  obtain  a  series  of  gradual  transitional 
stages  between  the  isolated  partial  and  the  compound  tone,  in 
which  the  first  is  readily  retained  by  the  ear.  By  means  of  this 
last  process  I  have  generally  succeeded  in  making  quite  untrained 
ears  recognise  the  existence  of  upper  partial  tones. 

It  is  at  first  more  difficult  to  hear  the  upper  partials  on  most 
wind  instruments  and  in  the  human  voice,  than  on  stringed  instru- 
ments, harmoniums,  and  the  more  penetrating  stops  of  an  organ, 
because  it  is  then  not  so  easy  first  to  produce  the  upper  partial 
softly  in  the  same  quality  of  tone.  But  still  a  little  practice 
suffices  to  lead  the  ear  to  the  required  partial  tone,  by  previously 
touching  it  on  the  piano.  The  partial  tones  of  the  human  voice 
are  comparatively  most  difficult  to  distinguish  for  reasons  wliich 
will  be  given  subsequently.  Nevertheless  they  were  distinguished 
even  by  Eameau  *  without  the  assistance  of  any  apparatus.  The 
process  is  as  follows : — 

Get  a  powerful  bass  voice  to  sing  c^  to  the  vowel  0,  in  more 
(more  like  aw  in  maw  than  ow  in  7now\  gently  touch  6'b  on  the 
piano,  which  is  the  Twelfth,  or  third  partial  tone  of  the  note  et>, 
and  let  its  sound  die  away  while  you  are  listening  to  it  attentively. 
The  note  6'b  on  the  piano  will  appear  really  not  to  die  away,  but 
to  keep  on  sounding,  even  when  its  string  is  damped  by  removing 
the  finger  from  the  digital,  because  the  ear  unconsciously  passes 
from  the  tone  of  the  piano  to  the  partial  tone  of  the  same  pitch 
produced  by  the  singer,  and  takes  the  latter  for  a  continuation  of 
the  former.  But  whien  the  finger  is  removed  from  the  key,  and 
the  damper  has  &llen,  it  is  of  course  impossible  that  the  tone  of 

«  Noareau  Syst^me  de  MusiqiiA  thtorique.     Paris  :  1726.    PrifiMse. 
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the  string  should  have  continued  sounding.  To  make  the  experi- 
ment for  ^'  the  fifth  partial,  or  major  Third  of  the  second  Octave 
above  el>,  the  voice  should  sing  to  the  vowel  A  in  father. 

The  resonators  described  in  the  last  chapter  furnish  an  excel- 
lent means  for  this  purpose,  and  can  be  used  for  the  tones  of  any 
musical  instriunent.  On  applying  to  the  ear  the  resonator  cor- 
responding to  any  given  upper  partial  of  the  compoimd  c,  such  as 
cf^  this  ^  is  rendered  much  more  powerful  when  c  is  sounded. 
Now  hearing  and  distinguishing  ^  in  this  case  by  no  means  proves 
that  the  ear  alone  and  without  this  apparatus  would  hear  ^  as 
part  of  the  compoimd  c.  But  the  increase  of  the  loudness  of  g^ 
caused  by  the  resonator  may  be  used  to  direct  the  attention  of 
the  ear  to  the  tone  it  is  required  to  distinguish.  On  gradually 
removing  the  resonator  from  the  ear,  the  force  of  ^  will  decrease. 
But  the  attention  once  directed  to  it  by  this  means,  remains  more 
readily  fixed  upon  it,  and  the  observer  continues  to  hear  this  tone 
in  the  natural  and  unchanged  compound  tone  of  the  given  note, 
even  with  his  unassisted  ear.  The  sole  office  of  the  resonators  in 
this  case  is  to  direct  the  attention  of  the  ear  to  the  required 
tone. 

By  frequently  instituting  similar  experiments  foj  perceiving  the 
upper  partial  tones,  the  observer  comes  to  discover  them  more  and 
more  easily,  till  he  is  finally  able  to  dispense  with  any  aids.  But 
a  certain  amoimt  of  undisturbed  concentration  is  always  necessary 
for  analysing  musical  tones  by  the  ear  alone,  and  hence  the  use  of 
resonators  is  quite  indispensable  for  an  accurate  comparison  of 
diflFerent  qualities  of  tones,  especially  in  respect  to  the  weaker 
upper  partials.  At  least,  I  must  confess,  that  my  own  attempts 
to  discover  the  upper  partial  tones  in  the  human  voice,  and  to 
determine  their  diflFerences  for  different  vowels,  were  most  unsatis- 
factory until  I  applied  the  resonators. 

We  now  proceed  to  prove  that  the  human  ear  really  does 
analyse  musical  tones  according  to  the  law  of  simple  vibrations. 
Since  it  is  not  possible  to  institute  an  exact  comparison  of  the 
strength  of  our  sensations  for  different  simple  tones,  we  must 
confine  ourselves  to  proving  that  when  an  analysis  of  a  composite 
tone  into  simple  vibrations,  effected  by  theoretic  calculation  or 
by  sympathetic  resonance,  shews  that  certain  upper  partial  tones 
are  absent,  the  ear  also  does  not  perceive  them. 

The  tones  of  strings  are  again  best  adapted  for  conducting  this 
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pToo^  because  they  admit  of  many  alterations  in  their  quality  of 
tone,  according  to  the  manner  and  the  spot  in  which  they  are 
excited,  and  also  because  the  theoretic  or  experimental  analysis 
is  most  easily  and  completely  performed  for  this  case.  Thomas 
Young  ^  first  shewed  that  when  a  string  is  plucked  or  struck,  or, 
as  we  may  add,  bowed  at  any  point  in  its  length  which  is  the  node 
of  any  of  its  so-called  harmonics,  those  simple  vibrational  forms  of 
the  string  which  have  a  node  in  that  point  are  not  contained  in 
the  compound  vibrational  form.  Hence,  if  we  attack  the  string 
at  its  middle  point,  all  the  simple  vibrations  due  to  the  even 
partial  tones,  each  of  which  has  a  node  at  that  point,  will  be 
absent.  This  gives  the  sound  of  the  string  a  peculiar  hollow  or 
nasal  twang.  If  we  excite  the  string  at  ^'  of  its  length,  the  vibra- 
tions corresponding  to  the  third,  sixth,  and  ninth  partial  tones  will 
be  absent ;  if  at  ^,  then  those  corresponding  to  the  fourth,  eighth, 
twelfth  partial  tones  will  fail ;  and  so  on.' 

This  result  of  mathematical  theory  is  confirmed,  in  the  first 
place,  by  analysing  the  compoimd  tone  of  the  string  by  sympathetic 
resonance,  either  by  the  resonators  or  by  other  strings.  The 
experiments  may  be  easily  made  on  the  pianoforte.  Press  down 
the  digitals  for  the  notes  c  and  (/,  without  allowing  the  hammer 
to  strike,  so  as  merely  to  free  them  from  their  dampers,  and  then 
pluck  the  string  c  with  the  nail  till  it  sounds.  On  damping  the 
string  c  the  higher  (/  will  echo  the  sound,  except  in  the  particular 
case  when  the  c  string  has  been  plucked  exactly  at  its  middle 
point,  which  is  the  point  where  it  would  have  to  be  touched  in 
order  to  give  its  first  harmonic  when  struck  by  the  hammer. 

If  we  touch  the  c  string  at  ^  or  |  its  length,  and  strike  it  with 
the  hammer,  we  obtain  the  harmonic  g^ ;  and  if  the  damper  of  the 
^  is  raised,  this  string  echoes  the  sound.  But  if  we  pluck  the 
0  string  with  the  nail,  at  either  ^  or  }  its  length,  g^  is  not  echoed, 
as  it  will  be  if  the  c  string  is  plucked  at  any  other  spot. 

In  the  same  way  observations  with  the  resonators  shew  that 
when  the  c  string  is  plucked  at  its  middle  the  Octave  </  is  missing, 
and  when  at  ^  or  f  its  length  the  Twelfth  g^  is  absent.  The 
analysis  of  the  sound  of  a  string  by  the  sympathetic  resonance  of 
strings  or  resonators,  consequently  fully  confirms  Thomas  Young's 
law. 

1  London.    PhiloBophical  Transactions,  1800,  Tol.  i.  p.  137. 
*  £<ee  Appendix,  No.  III. 
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But  for  the  vibration  of  strings  we  have  a  more  direct  means 
of  analysis  than  that  furnished  by  sympathetic  resonance.  If  we, 
namely,  touch  a  vibrating  string  gently  for  a  moment  with  the 
finger  or  a  camel's-hair  pencil,  we  damp  all  those  simple  vibrations 
which  have  no  node  at  the  point  touched.  Those  vibrations,  how- 
ever, which  have  a  node  there  are  not  damped,  and  hence  will 
continue  to  sound  without  the  others.  Consequently,  if  a  string 
has  been  made  to  speak  in  any  way  whatever,  and  we  wish  to 
know  whether  there  exists  among  its  simple  vibrations  one  corre- 
sponding to  the  Twelfth  of  the  prime  tone,  we  need  only  touch 
one  of  the  nodes  of  this  vibrational  form  at  ^  or  f  the  length  of 
the  string,  in  order  to  reduce  to  silence  all  simple  tones  which 
have  no  such  node,  and  leave  the  Twelfth  sounding,  if  it  were  there. 
If  neither  it,  nor  any  of  the  sixth,  ninth,  twelfth,  &c.,  of  the  partial 
tones  were  present,  giving  corresponding  harmonics,  the  string 
will  be  reduced  to  absolute  silence  by  this  contact  of  the  finger. 

Press  down  one  of  the  digitals  of  a  piano,  in  order  to  fi:ee  a 
Btring  from  its  damper.  Pluck  the  string  at  its  middle  point,  and 
immediately  touch  it  there.  The  string  will  be  completely  silenced, 
shewiug  that  plucking  it  in  its  middle  excited  none  of  the  even 
partial  tones  of  its  compound  tone.  Pluck  it  at  J  or  f  its  length, 
and  immediately  touch  it  in  the  same  place ;  the  string  will  be 
silent,  proving  the  absence  of  the  third  partial  tone.  Pluck  the 
string  anywhere  else  than  in  the  points  named,  and  the  second 
partial  will  be  heard  when  the  middle  is  touched,  the  third  when 
the  string  is  touched  at  ^  or  f  of  its  length. 

The  agreement  of  this  kind  of  proof  with  the  results  from 
sympathetic  resonance,  is  well  adapted  for  the  experimental  esta- 
blishment of  the  proposition  based  in  the  last  chapter  solely  upon 
the  results  of  mathematical  theory,  namely,  that  sympathetic 
vibration  occurs  or  not,  according  as  the  corresponding  simple 
vibrations  are  or  are  not  contained  in  the  compound  motion.  In 
the  last  described  method  of  analysing  the  tone  of  a  string,  we  are 
quite  independent  of  the  theory  of  sympathetic  vibration,  and  the 
simple  vibrations  of  strings  are  exactly  characterised  and  recog- 
nisable by  their  nodes.  If  the  compound  tones  admitted  of  being 
analysed  by  sympathetic  resonance  according  to  any  other  vibra- 
tional forms  except  those  of  simple  vibration,  this  agreement  could 
not  exist. 

If,  after  having  thus  experimentally  proved  the  correctness  of 
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Thomas  Young's  law,  we  try  to  analyse  the  tones  of  strings  by  the 
unassisted  ear,  we  shall  continue  to  find  complete  agreement.^  If 
we  pluck  or  strike  a  string  in  one  of  its  nodes,  all  those  upper  partial 
tones  of  the  compound  tone  of  the  string  to  which  the  node  belongs, 
disappear  for  the  ear  also,  but  they  are  heard  if  the  string  is 
plucked  at  any  other  place.  Thus,  if  the  string  c  be  plucked  at  ^ 
its  length,  the  partial  tone  gr'  cannot  be  heard,  but  if  the  string  be 
plucked  at  only  a  little  distance  from  this  point  the  partial  tone  g^ 
is  distinctly  audible.  Hence  the  ear  analyses  the  sound  of  a  string 
into  precisely  the  same  constituents  as  are  found  by  sympathetic 
resonance,  that  is,  into  simple  tones,  according  to  Ohm's  definition 
of  this  conception.  These  experiments  are  also  well  adapted  to 
shew  that  it  is  no  mere  play  of  imagination  when  we  hear  upper 
partial  tones,  as  some  people  believe  on  hearing  them  for  the  first 
time,  for  those  tones  are  not  heard  when  they  do  not  exist. 

The  following  modification  of  this  process  is  also  very  well 
adapted  to  make  the  upper  partial  tones  of  strings  audible.  First, 
strike  alternately  in  rhythmical  sequence,  the  third  and  fourth 
partial  tone  of  the  string  alone,  by  damping  it  in  the  corresponding 
nodes,  and  request  the  listener  to  observe  the  simple  melody  thus 
produced.  Then  strike  the  undamped  string  alternately  and  in 
the  same  rhythmical  sequence,  in  these  nodes,  and  thus  reproduce 
the  same  melody  in  the  upper  partials,  which  the  listener  will  then 
easily  recognise.  Of  course,  in  order  to  hear  the  third  partial,  we 
must  strike  the  string  in  the  node  of  the  fourth,  and  conversely. 

The  compound  tone  of  a  plucked  string  is  also  a  remarkably 
striking  example  of  the  power  of  the  ear  to  analyse  into  a  long 
series  of  partial  tones,  a  motion  which  the  eye  and  the  imagination 
are  able  to  conceive  in  a  much  simpler  maimer.  A  string,  which 
is  pulled  aside  by  a  sharp  point,  or  the  finger  nail,  assumes  the 
form  fig.  18,  A  (p.  86)  before  it  is  released.  It  then  passes  through 
the  series  of  forms,  fig.  18,  B,  C,  D,  E,  F,  till  it  reaches  G,  which 
is  the  inversion  of  A,  and  then  returns  through  the  same  to  A 
again.  Hence  it  alternates  between  the  forms  A  and  G.  All 
these  forms,  as  is  clear,  are  composed  of  three  straight  lines, 
and  on  expressing  the  velocity  of  the  individual  points  of  the 
strings  by  vibrational  ciurves,  these  would  have  the  same  form. 
Now  tlie    string  scarcely  imparts  any  perceptible  portion  of  its 

•  See  Bpvndt  in  •  PoggondorflTb  Annalen  der  Physik,*  vol.  cxii..  p.  324,  where  this 
fact  IB  proved. 
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own   motion    directly   to   the  air.      Scarcely  any  audible  tone 
results  when  both  ends  of  a  string  are  fastened  to  immovable 

supports,  as  metal  bridges, 
which  are  again  fastened  to 
the  walls  of  a  room.     The 

k  -«=:::rr:rir!^ii^. ^»  soimd  of  the   string  reaches 

the  air  through  that  one  of  its 
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extremities  which  rests  upon 
a  bridge  standing  on  an  elastic 
sounding  board.  Hence  the 
BOimd  of  the  string  essentially 
depends  on  the  motion  of 
this  extremity,  through  the 
pressure  which  it  exerts  on 
the  sounding  board.  The 
magnitude  of  this  pressure, 
as  it  alters  periodically  with 
the  time,  is  shewn  in  fig.  19, 
where  the  height  of  the 
line  hh  corresponds  to  the 
amount  of  pressure  exerted  on 
the  bridge  by  that  extremity 
of  the  string  when  the  string  is  at  rest.  Along  hh  suppose 
lengths  to  be  set  oflf  corresponding  to  consecutive  intervals  of 
time,  the  vertical  heights  of  the  broken  line  above  or  below  h  h 

Fig.  19. 
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represent  the  corresponding  augmentations  or  diminutions  of 
pressure  at  those  times.  The  pressure  of  the  string  on  the 
sounding  board  consequently  alternates,  as  the  figure  shews, 
between  a  higher  and  a  lower  value.  For  some  time  the  greater 
pressure  remains  unaltered;  then  the  lower  suddenly  ensues, 
and  likewise  remains  for  a  time  unaltered.  The  letters  a  to  g 
in  fig.  19  correspond  to  the  times  at  which  the  string  assumes 
the  forms  A  to  O  in  fig.  18.  It  is  this  alternation  between  a 
greater  and  a  smaller  pressure  which  produces  the  sound  in  the 
air.     We  cannot  but  feel  astonished  that  a  motion  produced  by 
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means  so  simple  and  so  easy  to  comprehend,  should  be  analysed  by 
the  ear  into  such  a  complicated  simi  of  simple  tones.  For  the  eye 
and  the  understanding  the  action  of  the  string  on  the  sounding 
board  can  be  figured  with  extreme  simplicity.  What  has  the 
simple  broken  line  of  fig.  19  (p.  86)  to  do  with  wave-curves,  which, 
in  the  course  of  one  of  their  periods,  shew  3,  4,  5,  up  to  16,  and 
more,  crests  and  troughs  ?  This  is  one  of  the  most  striking  examples 
of  the  different  ways  in  which  eye  and  ear  comprehend  a  periodic 
motion. 

There  is  no  resonant  body  whose  motions  under  varied  conditions 
can  be  so  completely  calculated  theoretically  and  contrasted  with 
observation  as  a  string.  The  following  are  examples  in  which 
theory  can  be  compared  with  analysis  by  ear : — 

I  have  discovered  a  means  of  exciting  simple  pendular  vibra- 
tions in  the  air.  A  tuning-fork  when  struck  gives  no  harmonic 
upper  partial  tones,  or,  at  most,  traces  of  them  when  it  is  brought 
into  such  excessively  strong  vibration  that  it  no  longer  exactly 
follows  the  law  of  the  pendulum.  On  the  other  hand,  timing-forks 
have  some  very  high  inharmonic  secondary  tones,  which  produce 
that  peculiar  sharp  tinkling  of  the  fork  at  the  moment  of  being 
struck,  and  generally  become  rapidly  inaudible.  If  the  tuning- 
fork  is  held  in  the  fingers,  it  imparts  very  little  of  its  tone  to  the 
air,  and  cannot  be  heard  unless  it  is  held  close  to  the  ear.  Instead 
of  holding  it  in  the  fingers,  we  may  screw  it  into  a  thick  board, 
on  the  under  side  of  which  some  pieces  of  india-rubber  tubing 
have  been  fastened.  When  this  is  laid  upon  a  table,  the  india- 
rubber  tubes  on  which  it  is  supported  convey  no  sound  to  the 
table,  and  the  tone  of  the  tuning-fork  is  so  weak  that  it  may  be 
considered  inaudible.  Now  if  the  prongs  of  the  fork  be  brought 
near  a  resonance  chamber  ^  of  a  bottle-form  of  such  a  size  and 
shape  that,  when  we  blow  over  its  mouth,  the  air  it  contains  gives 
a  tone  of  the  same  pitch  as  the  fork's,  the  air  within  this  chamber 
vibrates  sympathetically,  and  the  tone  of  the  fork  is  thus  conducted 
with  great  strength  to  the  outer  air.  Now  the  higher  secondary 
tones  of  such  resonance  chambers  are  also  inharmonic  to  the  prime 
tone,  and  in  general  the  secondary  tones  of  the  chambers  corre- 

*  Either  a  bottle  of  a  proper  size,  which  can  readily  be  more  accurately  tuned  by 
pouring  oil  or  water  into  it,  or  a  tube  of  pasteboard  quite  closed  at  one  end,  and  haying 
»  small  round  opening  at  the  other.  See  the  proper  sizes  of  such  resonance  chambers 
w  Appendix  IV. 


88  PROOF  OF  G.  S.  OmrS  LAW.  Pabt  I. 

spond  neither  with  the  harmonic  nor  the  inharmonic  secondary 
tones  of  the  forks ;  this  can  be  determined  in  each  particular  case 
by  producing  the  secondary  tones  of  the  bottle  by  stronger  blowing, 
and  discovering  those  of  the  forks  with  the  help  of  strings  set  into 
sympathetic  vibration,  as  will  be  presently  described.  If,  then, 
only  one  of  the  tones  of  the  fork,  namely  the  prime  tone,  corre- 
sponds with  one  of  the  tones  of  the  chamber,  this  alone  will  be 
reinforced  by  sympathetic  vibration,  and  this  alone  will  be  com- 
municated to  the  external  air,  and  thus  conducted  to  the  observer's 
ear.  The  examination  of  the  motion  of  the  air  by  resonators 
sheivs  that  in  this  case,  provided  the  tuning-fork  be  not  set  into 
too  violent  motion,  no  tone  but  the  prime  is  present,  and  in  such 
case  the  unassisted  ear  hears  only  a  single  simple  tone,  namely  the 
conmion  prime  of  the  tuning-fork  and  of  the  chamber,  without 
any  accompanying  upper  partial  tones. 

The  tone  of  a  timing-fork  can  also  be  purified  from  secondary 
tones  by  placing  its  handle  upon  a  string  and  moving  it  so  near  to 
the  bridge  that  one  of  the  proper  tones  of  the  section  of  string 
lying  between  the  fork  and  the  bridge  is  the  same  as  that  of  the 
tuning-fork.  The  string  then  begins  to  vibrate  strongly,  and  con- 
ducts the  tone  of  the  timing-fork  with  great  power  to  the  sounding 
board  and  surrounding  air,  whereas  the  tone  is  scarcely,  if  at  all, 
heard  as  long  as  the  above-named  section  is  not  in  unison  with  the 
tone  of  the  fork.  In  this  way  it  is  easy  to  find  the  lengths  of 
string  which  correspond  to  the  prime  and  upper  partial  tones  of 
the  fork,  and  accurately  determine  the  pitch  of  the  latter.  If  this 
experiment  is  conducted  with  ordinary  strings  which  are  imiform 
throughout  their  length,  we  shield  the  ear  from  the  inharmonic 
secondary  tones  of  the  fork,  but  not  fi:om  the  harmonic  upper  par- 
tials,  which  are  sometimes  faintly  present  when  the  fork  is  made  to 
vibrate  strongly.  Hence  to  conduct  this  experiment  in  such  a 
way  as  to  create  purely  pendular  vibrations  of  the  air,  it  is  best  to 
weight  one  point  of  the  string,  if  only  so  much  as  by  letting  a  drop 
of  melted  sealing-wax  fall  upon  it.  This  causes  the  upper  proper 
tones  of  the  string  itself  to  be  inharmonic  to  the  prime  tone, 
and  hence  there  is  a  distinct  interval  between  the  points  where  the 
fork  must  be  placed  to  bring  out  the  prime  tone  and  its  audible 
octave,  if  it  exists. 

In  most  other  cases  the  mathematical  analysis  of  the  motions 
of  sound  is  not  nearly  far  enough  advanced  to  determine  with  cer- 
tainty what  upper  partials  will  be  present  and  what  intensity  they 
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will  possess.  In  circular  plates  and  Btretched  membranes  which 
are  struck^  it  is  theoreticallj  possible  to  do  so,  but  their  in- 
harmonic secondary  tones  are  so  numerous  and  so  nearly  of  the 
same  pitch  that  most  observers  would  probably  fail  to  separate 
them  satisfiu^torily.  On  elastic  rods,  however,  the  secondary  tones 
are  very  distant  from  each  other,  and  are  inharmonic,  so  that  they 
can  be  readily  distinguished  from  each  other  by  the  ear.  The 
following  are  the  proper  tones  of  a  rod  which  is  free  at  both  ends ; 
the  vibrational  number  of  the  prime  tone  taken  to  be  c,  is  reckoned 
as  1 : — 


Vibrational 
Number 

Notation 

Prime  tone 

Second  proper  tone        .... 
Third  proper  tone         .... 
Fourth  proper  tone        .... 

10000 

27676 

5*4041 

13-3444 

e 

f     -0-2 
/"    +01 
a'^  -01 

The  notation  is  adapted  to  the  equal  temperament,  and  the 
appended  fractions  are  parts  of  the  interval  of  a  complete  tone. 

Where  we  are  unable  to  execute  the  theoretical  analysis  of  the 
motion,  we  can,  at  any  rate,  by  means  of  resonators  and  other 
sympathetically  vibrating  bodies,  resolve  any  individual  musical 
tone  that  is  produced,  and  then  compare  this  resolution,  which  is 
determined  by  the  laws  of  sympathetic  vibration,  with  that  eflFected 
by  the  unassisted  ear.  The  latter  is  naturally  much  less  sensitive 
than  one  armed  with  a  resonator ;  so  that  it  is  frequently  impossible 
for  the  unarmed  ear  to  recognise  amongst  a  number  of  other  stronger 
simple  tones  those  which  the  resonator  itself  can  only  faintly 
indicate.  On  the  other  hand,  so  far  as  my  experience  goes,  there 
is  complete  agreement  to  this  extent :  the  ear  recognises  without 
resonators  the  simple  tones  which  the  resonators  greatly  reinforce, 
and  perceives  no  upper  partial  tone  which  the  resonator  does  not 
indicate.  To  verify  this  conclusion,  I  performed  numerous  experi- 
ments, both  with  the  human  voice  and  the  harmonium,  and  they 
all  confirmed  it. 

By  the  above  experiments  the  proposition  enimciated  and 
defended  by  G.  S.  Ohm  must  be  regarded  as  proved,  viz.,  that  the 
human  ear  perceives  pendtdar  vibrations  alone  as  simple  tonesj 
arid  resolves  aU  other  periodic  motions  of  the  air  into  a  series  of 
pmdular  vibrations,  hearing  the  series  of  simple  tones  which 
carrespoful  with  these  simple  vibrations. 
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Calling,  then,  as  already  defined  (in  pp.  34-6  and  note),  the  sen- 
sation excited  in  the  ear  by  any  periodical  motion  of  the  air  a 
muaical  tone,  and  the  sensation  excited  by  a  simple  pendular 
vibration  a  simple  tone,  the  rule  asserts  that  the  sensation  of  a 
rn/usical  tone  is  compounded  out  of  the  sensations  of  several 
simple  tones.  In  particular,  we  shall  henceforth  call  the  sound 
produced  by  a  single  resonant  body  its  (simple  or  compound) 
tone,  and  the  sound  produced  by  several  musical  instruments 
acting  at  the  same  time  a  composite  tone,  consisting  generally  of 
several  (simple  or  compound)  tones.  If,  then,  a  single  note  is 
sounded  on  a  musical  instrument,  as  a  violin,,  trumpet,  organ,  or 
by  a  singing  voice,  it  must  be  called  in  exact  language  a  tone  of 
the  instrument  in  question.  This  is  also  the  ordinary  language, 
but  it  did  not  then  imply  that  the  tone  might  be  compound. 
When  the  tone  is,  as  usual,  a  compound  tone,  it  will  be  distin- 
guished by  this  term,  or  the  abridgement,  a  compound;  while 
tone  is  a  general  term  which  includes  both  simple  and  compound 
tones.*  The  prime  tone  is  generally  louder  than  any  of  the  upper 
partial  tones,  and  hence  it  alone  generally  determines  the  pitch 
of  the  compound.  The  tone  produced  by  any  resonant  body 
reduces  to  a  single  simple  tone  in  very  few  cases  indeed,  as  the  tone 
of  tuning-forks  imparted  to  the  air  by  resonance  chambers  in  the 
manner  already  described.  The  tones  of  wide-stopped  organ-pipes 
when  gently  blown  are  almost  free  from  upper  partials,  and  are 
accompanied  only  by  a  rush  of  wind.  « 

It  is  well  known  that  this  union  of  several  simple  tones  into 
one  compound  tone,  which  is  naturally  effected  in  the  tones  pro- 
duced by  most  musical  instruments,  is  artificially  imitated  on  the 
organ  by  peculiar  mechanical  contrivances.  The  tones  of  organ- 
pipes  are  comparatively  poor  in  upper  partials.     When  it  is  desir- 


'  [Here,  again,  as  on  pp.  34-6,  I  have,  in  the  translation,  been  necessarily  obliged 
to  deviate  slightly  from  the  original.  Klang,  as  here  defined,  embraces  Ton  as  a  par- 
ticular case.  I  use  tone  for  the  general  term,  and  compound  tone  and  simple  tone  for 
the  two  particular  cases.  Thus,  as  presently  mentioned  in  the  text,  the  tone  produced 
by  a  tuning-fork  held  over  a  proper  resonance  chamber  we  know,  on  analysis,  to  be 
simple,  but  before  analysis  it  is  to  us  only  a  (musical)  tone  like  any  other,  and  hence 
in  this  case  the  author's  Klang  becomes  the  author's  Ton,  I  beb'eye  that  the  language 
used  in  my  translation  is  best  adapted  for  the  constant  aocumte  distinction  between 
compound  and  simple  tones  by  English  readers,  as  I  leave  nothing  which  runs  counter 
to  old  habits,  and  by  the  use  of  the  words  simple  and  compound,  constantly  recall 
attention  to  this  newly  discovered  and  extremely  important  relation. — J^anslator.] 
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able  to  use  a  stop  of  incisive  penetrating  quality  of  tone  and  great 
power,  the  wide  pipes  {prmdpal  register  and  weitgedackt  ^)  are 
not  sufficient ;  their  tone  is  too  soft,  too  defective  in  upper  partials ; 
and  the  narrow  pipes  {geigerirregiater  and  quvrUaten*)  are  also 
unsuitable,  because,  although  more  incisive,  their  tone  is  weak. 
For  such  occasions,  then,  as  in  accompanying  congregational  sing- 
ing, recourse  is  had  to  the  compound  stops.*  In  these  stops  every 
key  is  connected  with  a  larger  or  smaller  series  of  pipes,  which  it 
opens  simultaneously,  and  which  give  the  prime  tone  and  a  certain 
number  of  the  first  upper  partials  of  the  compound  tone  of  the 
note  in  question.  It  is  very  usual  to  connect  the  upper  Octave 
with  the  prime  tone,  and  after  that  the  Twelfth.  The  more  com- 
plex compoimds  {comet)  give  the  first  six  partial  tones,  that  is, 
in  addition  to  the  two  Octaves  of  the  prime  tone  and  its  Twelfth, 
the  higher  major  Third,  and  the  Octave  of  the  Twelfth.  This  is 
as  much  of  the  series  of  upper  partials  as  belongs  to  the  tones  of  a 
major  chord.  But  to  prevent  these  compoimd  stops  from  being 
insupportably  noisy,  it  is  necessary  to  reinforce  the  deeper  tones  of 
each  note  by  other  rows  of  pipes,  for  in  all  natural  tones  which  are 
suited  for  musical  purposes  the  higher  partials  decrease  in  force  as 
they  rise  in  pitch.  This  has  to  be  regarded  in  their  imitation  by 
compoimd  stops.  These  compound  stops  were  a  monster  in  the 
path  of  the  old  musical  theory,  which  was  acquainted  only  with 
the  prime  tones  of  compounds ;  but  the  practice  of  organ  builders 
and  organists  necessitated  their  retention,  and  when  they  are 
suitably  arranged  and  properly  applied,  they  form  a  very  effective 
musical  apparatus.     The  nature  of  the  case  at  the  same  time  fully 

*  [IVtuqpo^— double  open  diapason.  Gros^edackt—dovible  stopped  diapason.' 
Hopkins,  Organ,  p.  435. — Translator, "l 

'  [*  Oeigen  Principal — yiolin  or  crisp-toned  diapason,  eight  feet.'  Hopkins,  Organ, 
p.  435.  '  A  manual  stop  of  eight  feet,  producing  a  pungent  tone  yeiy  like  that  of  the 
Oamba,  except  that  the  pipes,  being  of  larger  scale,  speak  quicker  and  produce  a 
fuller  tone.  The  stop  is  not  much  known  in  England ;  two  specimens,  of  eight  and 
four  feet,  however,  occurring  on  the  choir  manual  of  the  Exchange  Organ  at  North- 
ampton.'   Ibid.  p.  117.    For  quintaien,  see  supra,  p.  50,  note. — Translator.] 

*  [As  dMcribed  in  Hopkins,  Organ,  pp.  120,  122,  these  are  the  sesquialiera  *  of  five, 
four,  three,  or  two  ranks  of  open  metal  pipes,  tuned  in  Thirds,  Fifths,  and  Octayes  to 
the  Diapason.'  The  mixture,  consisting  of  five  to  two  ranks  of  open  metal  pipes 
smaller  than  the  last,  is  in  England  the  second,  in  Germany  the  first,  compound  stop. 
The  Furniture  of  fire  to  two  sets  of  small  open  pipes,  is  variable.  The  Comet,  1) 
numnttd  has  five  ranks  of  very  large  and  loudly  voiced  pipes,  2)  echo,  is  similar,  but 
light  and  delicate,  and  is  enclosed  in  a  box.  In  German  organs  the  comet  is  also  a 
pedal  reed  stop  of  four  and  two  feet. — Translator,] 
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Tine  musician  is  bound  t.o  regard  the  tones  of 
^  oiiUftii:  iiiimmments  as  compounded  in  the  same  way  as  the 
■i^^i^Nitmfc  J»>ftf  of  organs,  and  the  important  part  this  method  of 
■»<mn»wifttiwi  plays  in  the  construction  of  musical  scales  and  chords 
»W1  W  QKide  evident  in  subsequent  chapters. 

Wf^  haTe  thus  been  led  to  an  appreciation  of  upper  partial 
M>tMt»  which,  as  it  differs  considerably  from  that  previously  enter- 
wmed  by  musicians,  and  even  physicists,  must  meet  with  consider- 
able opposition.     The  upper  partial  tones  were  indeed  known,  but 
almost  only  in  such  compound  tones  as  those  of  strings,  where 
there  was  a  &vourable  opportunity  for  observing  them ;  but  they 
appear  in  previous  physical  and  musical  works  as  an  isolated  acci- 
dental phenomenon  of  small  intensity,  a  kind  of  ciuiosity,  which 
was  certainly  occasionally  adduced,  in  order  to  give  some  support 
to  the  opinion  that  nature  had  prefigiured  the  construction  of  our 
major  chord,  but  which  on  the  whole  remained  almost  entirely 
disregarded.     In  opposition  to  this  we  have  to  assert,  and  we  shall 
prove  the  assertion  in  the  next  chapter,  that  upper  partial  tones 
are,  with  a  few  exceptions  already  named,  a  general  constituent  of 
all  musical  tones,  and  that  a  certain  stock  of  upper  partials  is  an 
essential  condition  for  a  good  musical  quality  of  tone.     Finally, 
these  upper  partials  have  been  erroneously  considered  as  weak, 
because  they  are  difficult  to  observe,  while,  in  point  of  fact,  for 
some  of  the  best  musical  qualities  of  tone,  the  loudness  of  the  first 
upper  partials  is  not  far  inferior  to  that  of  the  prime  tone  itself. 

There  is  no  difficulty  in  verifying  this  last  fact  by  experiments 
on  the  tones  of  strings.  Strike  the  string  of  a  piano  or  mono- 
chord,  and  immediately  touch  one  of  its  nodes  for  an  instant  with 
the  finger ;  the  constituent  partial  tones  having  this  node  will  re- 
main with  unaltered  loudness,  and  the  rest  will  disappear.  We 
might  just  as  well  touch  the  node  at  the  instant  of  striking,  and 
thus  obtain  the  corresponding  constituent  partial  tones  from  the 
first,  in  place  of  the  complete  compound  tone  of  the  note.  In  both 
ways  we  can  readily  convince  ourselves  that  the  first  upper  partials, 
as  the  Octave  and  Twelfth,  are  by  no  means  weak  and  difficult  to 
hear,  but  have  a  very  appreciable  strength.  In  some  cases  we  are 
able  to  assign  numerical  values  for  the  intensity  of  the  upper 
partial  tones,  as  will  be  shewn  in  the  next  chapter.  For  tones  not 
produced  on  strings  this  a  posteriori  proof  is  not  so  easy  to  con- 
duct, because  we  are  not  able  to  make  the  upper  partials  speak 
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separately.      But  even  then  by  means  of  the  resonator  we  can  appre- 
ciate the  intensity  of  these  upper  partials  by  producing  the  corres- 
pondingnote  on  the  same  or  some  other  instrument  until  its  loudness, 
when  heard  through  the  resonator,  agrees  with  that  of  the  former. 
The  difficulty  we  experience  in  hearing  upper  partial  tones  is 
no  reason  for  considering  them  to  be  weak  ;  for  this  difficulty  does 
not  depend  on  their  intensity,  but  upon  entirely  different  circum- 
stances, which  could  not  be  properly  estimated  until  the  advances 
recently  made  in  the  physiology  of  the  senses.      On  this  difficulty 
of  observing  the  upper  partial  tones  have  been  founded  the  objec- 
tions which  A.  Seebeck'  has  advanced  against  Ohm's  law  of  the 
decomposition  of  a  musical  tone  ;  and  perhaps  many  of  my  readers 
who  are  unacquainted  with  the  physiology  of  the  other  senses, 
especially   with  that  of  the   eye,   might   be   inclined   to   adopt 
Seebeck's  opinions.     I  am  therefore  obliged  to  enter  into  some 
details  concerning  this  difference  of  opinion,  and  the  peculiarities 
of  the  perceptions  of  our  senses,  on   which  the  solution  of  the 
difficulty  depends. 

Seebeck,  although  extremely  accomplished  in  acoustical  experi- 
ments and  observations,  was  not  always  able  to  recognise  upper 
partial  tones,  where  Ohm's  law  required  them  to  exist.  Rut  we  are 
also  boimd  to  add  that  he  did  not  apply  the  methods  already  indi- 
cated for  directing  the  attention  of  his  ear  to  the  upper  partials 
in  question.  In  other  cases  when  he  did  hear  the  theoretical  upper 
partials,  they  were  weaker  than  the  theory  required.  He  concluded 
that  the  definition  of  a  simple  tone  as  given  by  Ohm  was  too 
limited,  and  that  not  only  pendular  vibrations,  but  other  vibrational 
forms,  provided  they  were  not  too  widely  separated  from  the  pen- 
dular, were  capable  of  exciting  in  the  ear  the  sensation  of  a  single 
simple  tone,  which,  however,  had  a  variable  quality.  He  consequently 
asserted  that  when  a  musical  tone  was  compounded  of  several  sim- 
ple tones,  part  of  the  intensity  of  the  upper  constituent  tones  went 
to  increase  the  intensity  of  the  prime  tone,  with  which  it  fiised, 
and  that  at  most  a  small  remainder  excited  in  the  ear  the  sensation 
of  an  upper  partial  tone.  He  did  not  formulate  any  determinate 
law,  assigning  the  vibrational  forms  which  would  give  the  impres- 
sion of.  a  simple  and  those  which  would  give  the  impression 
of  a  compoimd  tone.     The  experiments  of  Seebeck,  on   which 

» In  PoggendorfTs  Annaien  dtr  Phytik,  rol.  Ix.  p.  440,  vol.  Ixiii.  pp.  368  and  868. 
—Ohm,  ibid.  voL  lix.  p.  618,  and  vol.  Ixii.  p.  1. 
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he  founded  his  assertions,  need  not  be  here  described  in  detail. 
Their  object  was  only  to  produce  musical  tones  for  which  either 
the  intensity  of  the  simple  vibrations  corresponding  to  the  upper 
partials  could  be  theoretically  calculated,  or  in  which  these  upper 
partials  could  be  rendered  separately  audible.  For  the  latter 
purpose  the  siren  was  used.  We  have  just  described  how  the  same 
object  can  be  attained  by  means  of  strings.  Seebeck  shews  in 
each  case  that  the  simple  vibrations  corresponding  to  the  upper 
partials  have  considerable  strength,  but  that  the  upper  partials  are 
either  not  heard  at  all,  or  heard  with  difficulty  in  the  compound 
tone  itself.  This  fact  has  been  already  mentioned  in  the  present 
chapter.  It  may  be  perfectly  true  for  an  observer  who  has  not 
applied  the  proper  means  for  observing  upper  partials,  while 
another,  or  even  the  first  observer  himself  when  properly  assisted, 
can  hear  them  perfectly  well. 

Upper  partial  tones,  namely,  are  a  phenomenon  belonging  to 
pure  auditory  a&nsation.  The  aggr^;ation  of  a  series  of  partial 
tones  into  a  compound  tone,  belonging  to  any  determinate  musical 
instrument,  is  not  a  process  of  sensation,  but  of  perception.  I  had 
to  draw  attention  to  this  difference  in  the  Introduction  to  this 
work  (p.  5).  Impressions  on  our  senaea,  in  so  far  as  we  become 
conscious  of  them  only  as  conditions  of  our  body,  and,  in  particular, 
of  our  nervous  apparatus,  are  called  sensations ;  but  in  so  £Eir  as  we 
form  from  them  a  mental  image  of  external  objects,  they  are 
termed  perceptions.  When  we  apprehend  a  certain  sound,  as  the 
tone  of  a  violin,  we  have  a  perception ;  we  conclude  that  a  certain 
instrument  exists  which  usually  produces  tones  of  that  kind.  But 
when  we  try  to  resolve  this  musical  tone  into  its  partial  tones, 
this  is  a  matter  of  pure  sensation.  No  individual  partial  tone 
corresponds  to  any  particular  resonant  body  or  part  of  a  resonant 
body.  Separated  from  the  accompanying  partial  tones,  any  one  in 
particular  is  nothing  but  a  part  of  our  sensation.  Hence,  although 
when  for  a  scientific  purpose  we  institute  investigations  into  our 
sensations,  as  in  the  present  book,  we  may  have  a  great  interest  in 
hunting  up  these  partial  tones,  yet,  in  the  every-day  use  of  our 
ears,  we  have  no  interest  of  the  kind,  for  then  the  only  value  of 
our  sensations  is  to  assist  us  in  comprehending  what  is  going  on 
in  the  world  without  us.  For  this  purpose  it  is  enough  to  appre- 
hend the  musical  tones  correctly.     Their  resolution  into  partial 
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tones,  even  if  we  were  conscious  of  it,  would  not  only  be  of  no 
use,  but  would  be  a  source  of  extreme  disturbance. 

Now  practice  and  experience  play  a  far  greater  part  in  the  use 
(^  our  senses  than  we  are  usually  inclined  to  assume,  and  since,  as 
just  remarked,  our  sensations  derived  firom  the  senses  are  primarily 
of  importance  only  for  enabling  us  to  form  a  correct  conception  of 
the  world  without  us,  oiir  practice  in  the  observation   of  these 
sensations  usually  does  not  extend  in  the  slightest  degree  beyond 
what  is  necessary  for  this  purpose.     We  are  certainly  only  far  too 
much  disposed  to  believe  that  we  must  be  immediately  conscious 
of  all  that  we  feel  and  of  all  that  enters   into   our   sensations. 
This  natural  belief,  however,  is  foimded  only  on  the  feet  that  we 
are  always  immediately   conscious,   without  taking    any  special 
trouble,  of  everything  necessary  for  the  practical  purpose  of  form- 
ing a  correct  acquaintance  with  external  nature,  because  during 
our  whole  life  we  have  been  daily  and  hourly  using  our  organs  of 
sense  and  collecting  results  of  experience  for  this  precise  object. 
And  even  if  we  do  not  go  beyond  the  circle  of  sensations  corres- 
ponding to  external  objects,  the  influence  of  practice  is  apparent. 
It  is  well  known  how  much  more  delicately  and  rapidly  a  painter 
distinguishes  colour  and  chiaroscuro  than  an  eye  imused  to  such 
distinctions ;  how  a  musician  or  a  musical-instrument  maker  easily 
and  surely  apprehends  distinctions  of  pitch  and  quality  of  tone 
irhich  have  no  existence  for  the  layman ;  how,  even  in  the  lower 
r^ons  of  cookery  and  wine-tasting,  it  requires  much  training  and 
frequent  comparisons  to  make  a  master.     Tlie  value  of  practice, 
however,   is  much  more  striking  when  we  proceed  to  sensations 
solely  conditioned  by  the  internal  relations  of  our  organs  of  sense 
and  of  our  whole  nervous  system,  and  not  corresponding  to  external 
objects  or  the  impressions  they  produce,  and  hence  of  no  value  to 
us  for  the  apprehension  of  external  nature.     Becent  physiological 
inquiries  into  the  action  of  the  organs   of  sense  have  made  us 
acquainted  with  many  such  cases,  which  have  been  discovered 
partly  by  mere  chance,  partly  by  theoretical  questions  and  specula^ 
tions,  partly  even  by  a  peculiar  talent  for  observation  in  gifted 
individuals,  as  Goethe  and  Purkinje.     These  so-called  subjective 
phenomena  are  extremely  difficult  to  discover,  and  when  discovered 
they  almost  always  require  peculiar  means  for  assisting  our  atten- 
tion and  directing  it  to  the  observation  of  the  matter  in  question, 


96       DIFFICULTIES  IN  OBSERVING  UPPER  PARTIAL  TONES.      Paet  I. 

insomuch  that  it  is  generally  very  difficult  to  re-discover  the  phe- 
nomena, even  when  the  descriptions  given  by  the  first  observer  are 
known.  We  are,  indeed,  not  only  unpractised  in  observing  these 
subjective  phenomena  of  the  senses,  but  we  are  even  extremely 
practised  in  disregarding  them,  just  because  a  consciousness  of 
their  existence  would  disturb  us  in  the  observation  of  external 
nature.  It  is  only  when  they  are  sufficiently  powerful  to  impede 
that  observation  that  we  begin  to  remark  them ;  and  sometimes 
in  dreams  or  delirium  they  form  the  points  of  attachment  for 
various  delusions. 

As  examples,  I  will  only  refer  to  some  tolerably  well-known 
instances  in  physiological  optics.'  So-called  Tnouches  volantes 
probably  exist  in  all  eyes ;  these  are  little  fibres,  lumps,  or  drops, 
which  floating  about  in  the  vitreous  humour  of  the  eye,  and  cast- 
ing their  shadow  on  the  retina,  appear  as  little  dark  moving 
images  in  the  field  of  view.  They  are  most  easily  visible  when 
we  look  attentively  at  an  extensive  bright  surface  without  other 
marks  upon  it,  as,  for  example,  at  the  blue  sky.  Most 
persons  whose  attention  has  not  been  specially  directed  to  them 
are  not  aware  of  their  existence  xmtil  diseased  eyes  lead  them  to 
pay  more  attention  to  subjective  symptoms.  The  common  com- 
plaint, then,  is  that  the  mouchea  volardea  came  with  the  disease  ; 
and  the  patients  are  thus  led  to  disquiet  themselves  greatly  over 
these  harmless  objects,  and  to  follow  them  attentively.  They  then 
refuse  to  believe  the  assurance  that  these  same  images  have  existed  in 
their  eyes  all  their  life,  and,  in  fact,  do  exist  in  every  healthy  eye. 
I  even  knew  an  old  gentleman  who  had  to  bandage  up  an  eye  which 
was  accidentally  diseased,  and  then  observed  for  the  first  time,  to 
his  own  great  dismay,  that  he  was  totally  blind  with  the  other 
eye  ;  and,  on  examination,  it  appeared  to  be  a  blindness  of  such  a 
nature  that  it  must  have  existed  for  years  without  having  been 
observed. 

Who,  moreover,  would  believe,  without  having  performed  the 
proper  experiments,  that  when  one  eye  is  closed,  there  is  a  small 
gap  not  far  from  the  middle  of  the  field  of  view  of  the  open  eye 
in  which  we  can  see  nothing  at  all,  and  which  we  fill  up  by 
imagination   only  ?      This  is   the   so-called   punctv/m    caecum. 

*  [Prof.  Helmholtz  is  the  author  of  a  Manual  of  Physiological  Optics  {Handbnch 
der  physiologtBohm  Optik,  Leipzig,  1867*  pp.  874),  forming  vol.  ix.  of  G.  Earsten's 
JUgcmeine  Eneykhpadie  der  Physik. — 'DransUUorJ] 
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Hariotte,  who  was  led  to  the  discovery  of  this  phenomenon  by 
theoretical  speculations,  excited  considerable  astonishment  by  ex- 
hibiting it  at  the  court  of  Charles  11.  of  England  (1666) ;  and  the 
experiment  was  then  repeated  with  many  variations  and  used  for 
amusement.  In  reality,  this  gap  is  so  large  that  seven  full-moons 
could  be  placed  on  its  diameter,  and  that  a  human  face  six  or  seven 
feet  off  can  be  made  to  disappear  entirely  within  it.  In  ordinary 
unconstrained  vision,  however,  this  gap  in  the  field  of  vision  is 
not  observed,  because  we  are  perpetually  sweeping  it  over  with 
our  eye,  which  we  immediately  direct  to  any  point  of  interest. 
Hence  it  is  that  the  objects  which  excite  our  attention  at  any 
moment,  and,  consequently,  the  blind  point  of  our  field  of  vision, 
never  usually  become  objects  of  attention.  We  have  to  direct  our 
eye  purposely  towards  one  object,  and  then  to  move  a  second  small 
object  into  the  neighbourhood  of  the  blind  spot,  while  we  force 
ourselves  to  notice  the  second  object  without  moving  the  axis  of 
our  eye  directed  to  the  first,  and  this  feat  is  so  opposed  to  our 
usual  habits  that  many  persons  cannot  succeed  in  performing  it ; 
but  unless  we  can  do  so  we  cannot  see  the  second  object  disappear, 
and  thus  become  convinced  of  the  existence  of  the  gap  in  our  eye. 
Finally  I  may  recall  the  double  images  present  on  vision  with 
two  eyes-  Whenever  we  direct  both  eyes  to  a  single  point  all 
objects  which  are  much  nearer  or  much  further  off  than  that  point 
appear  double.  A  little  attentive  observation  shews  us  this  im- 
mediately. Hence  we  can  conclude  that  during  the  whole  of  our 
life  we  have  been  constantly  seeing  by  far  the  majority  of  external 
objects  doubled,  and  yet  there  are  many  persons  who  are  not  aware 
of  this  circumstance,  and  are  immensely  astonished  when  their 
attention  is  for  the  first  time  directed  to  it.  But  at  the  same 
time  we  have  also  constantly  seen  those  particular  objects  single, 
to  which  our  attention  was  directed  at  the  moment ;  for  to  this 
we  had  always   simultaneously  directed  the  axes  of  both  eyes.^ 

*  [When  objects  pass  rapidly  before  the  eye,  as  when  we  look  at  near  buildings 
from  the  window  of  a  railway  carriage  in  rapid  motion,  or  look  from  the  platform  at  a 
passing  train,  we  become  conscious  of  this  simultaneous  direction  of  the  eyes  by  the 
pain  caused  by  the  rapid  changes  necessary  to  see  these  passing  objects.  If  we  cover 
ODe  eye  with  the  hand  all  pain  disappears,  owing  to  the  absence  of  any  necessity  for 
converging  the  axes  of  the  eyes,  and  we  thus  become  aware  of  the  usual  habit  of 
▼ision.  The  r«lief  which  is  thus  afforded,  and  which  I  have  frequently  experienced, 
is  often  extremely  useful,  as  it  enables  us,  when  necessary,  to  see  without  incon- 
Tenience  even  the  lettering  upon  a  near  train  in  rather  rapid  motion,  or  upon  a  statioa 
which  an  express  train  shoots  past. — TVanslator.l 
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Hence  our  attention  in  the  ordinary  use  of  our  eyes  was  constantly 
directed  away  from  all  those  objects  which  appeared  double,  and 
of  course  we  knew  nothing  about  them.  Before  we  could  discover 
the  phenomenon,  we  had  first  to  direct  our  attention  to  a  new  and 
unusual  object ;  we  had  to  commence  examining  the  outskirts  of 
our  field  of  vision,  not  for  the  purpose  of  becoming  acquainted 
vdth  the  objects  within  it,  but  to  analyse  our  sensations. 

The  same  difficulty  which  besets  observations  on  such  sub- 
jective sensations  as  do  not  correspond  to  any  external  object, 
besets  also  the  analysis  of  compound  sensations  which  correspond 
to  a  single  and  not  to  a  compound  object.  Of  this  kind  are  the 
sensations  of  musical  tones.  After  the  sound  of  a  violin  has,  every 
time  we  have  heard  it,  constantly  reproduced  the  same  simi  of 
partial  tones  in  our  sensoriimi,  this  sum  of  partial  tones  comes  to 
be  regarded  as  the  compound  sign  for  the  musical  tone  of  a  violin ; 
and  similarly  another  combination  of  partial  tones  as  the  sensible 
symbol  for  the  musical  tone  of  a  clarinet,  and  so  on.  The 
ofbener  such  a  combination  has  been  heard,  the  more  accustomed 
are  we  to  apprehend  it  as  a  connected  whole,  and  the  more  difficult 
it  is  to  analyse  it  by  direct  observation.  I  believe  this  to  be  one 
of  the  principal  causes  of  the  comparative  difficulty  felt  in  analysing 
the  singing  tones  of  the  hiunan  voice.  Similar  fusions  of  several 
sensations  into  a  single  whole  of  conscious  perception  are  of  fre- 
quent occurrence  in  the  action  of  our  organs  of  sense. 

We  find  again  interesting  examples  of  this  in  physiological 
optics.  The  perception  of  solidity  in  any  near  object  is  always 
produced  by  the  imion  of  twe  different  images  formed  by  the 
object  in  the  two  eyes,  their  difference  depending  on  the  slightly 
different  points  from  which  the  two  eyes  view  it,  and  the  conse- 
quent slightly  different  perspective  images  thrown  on  the  retinas. 
That  this  is  really  the  case  could  only  be  conjectured  before  the 
invention  of  the  stereoscope,  but  is  now  easy  to  prove  at  any 
moment  by  the  use  of  that  instrument.  In  the  stereoscope  are 
combined  two  flat  drawings,  representing  the  perspective  views  as 
formed  in  the  two  eyes,  in  such  a  manner  that  each  eye  views  the 
image  belonging  to  it  from  a  proper  point.  The  result  is  tlie  per- 
ception of  a  solid  body  as  complete  and  as  natural  as  if  the  real 
body  were  before  us.  By  first  shutting  one  eye  and  then  the 
other  we  can  direct  our  attention  to  the  difference  between  the 
images,  provided  it  is  not  very  slight;  but  for  the  stereoscopic 
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perception  of  depth,  images  suflBce  which  are  so  slightly  different, 
that  it  is  difficult  to  discover  their  differences  even  on  close 
examination.  And  certainly  in  our  usual  unconstrained  observa- 
tion of  solid  objects,  we  have  no  notion  that  our  perception  arises 
from  the  combination  of  two  perspective  images  blende  together, 
because  this  perception  of  solidity  is  of  a  totally  different  nature 
from  that  of  either  flat  perspective  image  separately  viewed.  In 
this  case  then  two  different  sensations,  one  in  each  eye,  fuse  into 
a  third  mental  image  which  is  totally  different  from  either,  just  as 
the  partial  tones  fuse  into  the  mental  image  of  the  musical  tone 
of  some  determinate  instrument.  And  just  as  we  learn  to  separate 
the  partial  tones  of  a  string,  by  first  making  them  sound  separately 
on  touching  a  node,  so  we  learn  to  separate  the  images  of  our 
two  eyes,  by  shutting  them  separately  and  alternately. 

There  are  several  much  more  complicated  cases  in  which  many 
sensations  must  concur  to  furnish  the  foundation  for  a  very  simple 
perception.  For  example,  to  perceive  that  an  object  seen  lies  in 
a  certain  direction,  we  have  first  to  distinguish  that  a  given  part 
of  our  optic  nerves  has  been  excited  by  its  light,  and  that  other 
parts  have  not;  this  determines  the  position  of  the  object  with 
respect  to  the  eye.  Then  we  have  to  form  a  correct  judgment  of 
the  position  of  the  axis  of  the  eyes  in  respect  to  the  head,  by 
means  of  the  muscular  sensation  of  the  muscles  directing  our 
eyeballs,  and  finally  we  have  to  form  a  correct  judgment  of  the 
position  assumed  by  the  head  with  respect  to  the  body,  by  means 
of  the  muscular  sensation  of  the  muscles  at  the  back  of  the  neck. 
If  one  of  these  processes  is  faulty  we  obtain  an  incorrect  mental 
image  of  the  position  of  the  object  seen.  By  altering  the  refraction 
of  the  light  by  means  of  an  interposed  prism,  and  thus  causing 
other  parts  of  the  nerve  to  be  excited  by  the  light  of  the  object 
viewed,  or  by  pressing  the  ball  of  the  eye  on  one  side,  and  thus 
impeding  the  free  action  of  the  muscles  of  the  eye,  and  so  on,  we 
are  able  to  shew  that  the  sensations  of  all  these  different  organs 
must  concur  to  obtain  the  simple  perception  of  the  object's 
position ;  but  it  would  certainly  be  quite  impossible  to  see  all  this 
immediately  in  the  sensible  impression  made  on  us  by  the  object. 
And  even  when  we  have  instituted  such  experiments  and  have 
convinced  ourselves  in  every  possible  way  that  this  must  be  the 
case,  it  still  remains  concealed  for  our  own  immediate  observation 
of  ourselves. 

H  2 
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These  examples  must  suffice  to  shew  the  important  part  which 
directed  attention  and   training  play  in  the  perceptions  of  our 
senses.     Now  let  us  apply  this  conclusion  to  observations  made  by 
the  ear.    The  common  problem  which  our  ear  has  to  solve  on  the 
concurrence  of  several  musical  sounds,  is  to  distinguish  from  each 
other  the   different  musical  tones  belonging  to  single  resonant 
bodies  or  musical  instruments ;  it  is  only  thus  far  that  we  have 
an  objective  interest  in  the  analysis  made  by  the  ear.     We  are 
desirous  of  knowing,  when  several  people  are  speaking  at  once,  what 
each  is  saying,  or  when  several  instruments  are  playing  or  voices 
singing  together,  what  melody  is  performed  by  each.      On  the 
other  hand,  the  further  analysis,  by  which  these  individual  musical 
tones  are  reduced  to  their  partial  tones,  although  it  can  be  exe- 
cuted by  the  same  means  and  the  same  properties  of  the  ear  as 
the  first,  would  teach  us  nothing  new  concerning  the  sources  of  the 
musical  tones,  but  would  rather  tend  to  make  us  confused  over 
their  number.      Hence  we   usually  limit   the   direction   of  our 
attention  to  the  analysis  of  a  mass  of  musical  tones  into  the  tones 
of  individual  instruments,  and  as  it  were  withdraw  it  from  any 
further  analysis  of  the  compound  into  simple  tones.     We  are  then 
as  much  untrained  in  the  latter,  as  we  are  trained  in  the  former 
analysis. 

Now  there  are  many  circumstances  which  assist  us  first  in 
separating  the  musical  tones  arising  from  different  sources,  and 
secondly,  in  keeping  together  the  partial  tones  of  each  separate 
source.  Thus  when  one  musical  tone  is  heard  for  some  time 
before  being  joined  by  the  second,  and  then  the  second  continues 
after  the  first  has  ceased,  the  separation  in  sound  is  facilitated  by 
the  succession  of  time.  We  have  already  heard  the  first  musical 
tone  by  itself,  and  hence  know  immediately  what  we  have  to  deduct 
from  the  compound  effect  for  the  effect  of  this  first  tone.  Even 
when  several  parts  proceed  in  the  same  rhythm  in  polyphonic 
music,  the  mode  in  which  the  tones  of  different  instruments  and 
voices  commence,  the  nature  of  their  increase  in  force,  the  certainty 
with  which  they  are  held,  and  the  manner  in  which  they  die  off, 
are  generally  slightly  different  for  each.  Thus  the  tones  of  a 
pianoforte  commence  suddenly  with  a  blow,  and  are  consequently 
strongest  at  the  first  moment,  and  then  rapidly  decrease  in  power ; 
the  tones  of  brass  instruments,  on  the  other  hand,  commence  slug- 
gishly, and  require  a  small  but  sensible  time  to  develope  their  full 
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streDgth  ;  tbe  tones  of  bowed  instruments  are  distinguished  by 
their  extreme  mobility,  but  when  either  the  player  or  the  in- 
strument is  not  unusually  perfect  they  are  interrupted  by  little, 
very  short,  pauses,  producing  in  the  ear  the  sensation  of  scraping, 
as  will  be  described  more  in  detail  when  we  come  to  analyse  the 
musical  tone  of  a  violin.  When  then  such  instruments  are  sounded 
together  there  are  generally  points  of  time  when  one  or  the  other 
is  predominant,  and  it  is  consequently  easily  distinguished  by  the 
ear.  But  besides  all  this,  in  good  part  music,  especial  care  is 
taken  to  £Eu;ilitate  the  separation  of  the  parts  by  the  ear.  In 
polyphonic  music  proper,  where  each  part  has  its  own  distinct 
melody,  a  principal  means  of  clearly  separating  the  progression  of 
each  part  has  always  consisted  in  making  them  proceed  in  different  * 
rhythms  and  on  different  divisions  of  the  bars;  or  where  this 
could  not  be  done,  or  was  at  any  rate  only  partly  possible,  as  in 
four-part  chorales,  it  is  an  old  rule,  contrived  for  this  purpose,  to 
let  three  parts,  if  possible,  move  by  single  degrees  of  the  scale, 
and  let  the  fourth  leap  over  several.  The  small  amount  of  altera- 
tion in  the  pitch  makes  it  easier  for  the  listener  to  keep  the 
identity  of  the  several  voices  distinctly  in  mind. 

All  these  helps  fail  in  the  resolution  of  musical  tones  into  their 
constituent  partials.  When  a  compound  tone  commences  to  sound, 
all  its  partial  tones  commence  with  the  same  comparative  strength ; 
when  it  swells,  all  of  them  generally  swell  uniformly ;  when  it 
ceases,  all  cease  simultaneously.  Hence  no  opportunity  is  generally 
given  for  hearing  them  separately  and  independently.  In  precisely 
the  same  manner  as  the  naturally  connected  partial  tones  form  a 
single  soiurce  of  sound,  the  partial  tones  in  a  compound  stop  on  the 
organ  fuse  into  one,  being  all  struck  with  the  same  finger  key, 
and  all  moving  in  the  same  melodic  progression  as  their  prime 
tone. 

Moreover,  the  tones  of  most  instruments  are  usually  accom- 
panied by  characteristic  irregular  noises,  as  the  scratching  and 
rubbing  of  the  violin  bow,  the  rush  of  wind  in  flutes  and  organ  pipes, 
the  grating  of  reeds,  &c.  These  noises,  with  which  we  are  already 
familiar  as  characterising  the  instruments,  materially  fi^^ilitate  our 
power  of  distinguishing  them  in  a  composite  mass  of  sounds.  The 
partial  tones  in  a  compound  have,  of  course,  no  such  characteristic 

marks. 

Hence  we  have  no  reason  to  be  surprised  that  the  resolution  of 
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a  compound  tone  into  ita  partials  is  not  quite  eo  easy  for  the  ear  to 
accomplish,  as  the  resolution  of  composite  masses  of  the  musical 
sounds  of  many  instruments  into  their  proximate  constituents,  and 
that  even  a  trained  musical  ear  requires  the  application  of  a 
considerable  amount  of  attention  when  it  undertakes  the  former 
problem- 
It  is  easy  to  see  that  the  auxiliary  circumstances  already  named 
do  not  always  suffice  for  a  correct  separation  of  musical  tones.  In 
uniformly-sustained  musical  tones,  where  one  might  be  considered 
as  an  upper  partial  of  another,  our  judgment  might  readily  make 
default.  This  is  really  the  case.  Cr.  S.  Ohm  proposed  a  very  in- 
structive experiment  to  shew  this,  using  the  tones  of  a  violin.  But 
'it  is  more  suitable  for  such  an  experiment  to  use  simple  tones,  as 
those  of  a  stopped  organ  pipe.  The  best  instrument,  however,  is  a 
p,g  20.  glass  bottle  of  the  form  shewn  in 

20,  which  is  easily  procured 
'  and  prepared  for  the  experiment. 
A  little  rod  c  supports  a  gutta- 
percha tube  a  in  a  proper  position. 
The  end  of  the  tube,  which  is 
directed  towards  the  bottle,  is 
softened  in  warm  water  and  pressed 
flat,  forming  a  narrow  chink, 
through  which  air  can  be  made 
to  rush  over  the  mouth  of  the 
bottle.  When  the  tube  is  fastened 
by  an  india-rubber  pipe  to  the 
nozzle  of  a  bellows,  and  wind 
is  driven  over  the  bottle,  it  pro- 
duces a  hollow  obscure  sound, 
like  the  vowel  oo  in  too,  which  is 
freer  from  upper  partial  tones  than 
even  the  tone  of  a  stopped  pipe,  and  is  only  accompanied  by  a 
slight  noise  of  wind.  I  find  that  it  is  easier  to  keep  the  pitch  un- 
altered in  this  instrument  while  the  pressure  of  the  wind  is  slightly 
changed,  than  in  stopped  pipes.  We  deepen  the  tone  by  partially 
shading  the  orifice  of  the  bottle  with  a  little  wooden  plate ;  and 
we  sharpen  it  by  pouring  in  oil  or  melted  wax.  We  are  thus  able 
to  make  any  required  little  alterations  in  pitch.  I  tuned  a  large 
bottle  to  bi>  and  a  smaller  one  to  6'|>,  and  united  them  with  the 
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same  bellows,  so  that  when  used  both  b^an  to  speak  at  the  same 
instant*     When  thus  united  they  gave  a  musical  tone  of  the  pitch 
of  the  deeper  b\},  but  having  the  quality  of  tone  of  the  vowel  oa  in 
toadj  instead  of  oo  in  too*     When,  then,  I  compressed  first  one  of 
the  india-rubber  tubes  and  then  the  other,  so  as  to  produce  the 
tones  alternately,  separately,  and  in  connection,  I  was  at  last  able 
to  hear  them  separately  when  sounded  together,  but  I  could  not 
continue  to  hear  them  separately  for  long,  for  the  upper  tone 
gradually  fused  with  the  lower.    This  fusion  takes  place  even  when 
the  upper  tone  is  somewhat  stronger  than  the  lower.     The  altera- 
tion in  the  quality  of  tone  which  takes  place  during  this  fusion  is 
characteristic.     On  producing  the  upper  tone  first  and  then  let- 
ting the  lower  sound  with  it,  I  found  that  I  at  first  continued  to 
hear  the  upper  tone  with  its  full  force,  and  the  under  tone  sounding 
below  it  in  its  natural  quality  of  oo  in  too.    But  by  degrees,  as  my 
recollection  of  the  sound  of  the  isolated  upper  tone  died  away,  it 
seemed  to  become  more  and  more  indistinct  and  weak,  while  the 
lower  tone  appeared  to  become  stronger,  and  sounded  like  oa  in 
toad.     This  weakening  of  the  upper  and  strengthening  of  the 
lower  tone  was  also  observed  by  Ohm  on  the  violin.     As  Seebeck 
remarks,  it  certainly  does  not  always  occur,  and  probably  depends 
oD  the  liveliness  of  our  recollections  of  the  tones  as  heard  sepa- 
rately, and  the  greater  or  less  imiformity  in  the  simultaneous  pro- 
duction of  the  tones.      But  where  the   experiment   succeeds,   it 
gives  the  best  proof  of  the  essential  dependence  of  the  result  on 
varying  activity  of  attention.    With  the  tones  produced  by  bottles, 
in  addition  to  the  reinforcement  of  the  lower  tone,  the  alteration 
in  its  quality  is  very  evident  and  is  characteristic  of  the  nature  of 
the  process.     This  alteration  is  less  striking  for  the  penetrating 
tones  of  the  violin. 

This  experiment  has  been  appealed  to  both  by  Ohm  and  by 
Seebeck  as  a  corroboration  of  their  different  opinions.  When  Ohm 
stated  that  it  was  an  ''  illusion  of  the  ear  "  to  apprehend  the  upper 
partial  tones  wholly  or  partly  as  a  reinforcement  of  the  prime  tone 
(or  rather  of  the  compoimd  tone  whose  pitch  is  determined  by 
that  of  its  prime),  he  certainly  used  a  somewhat  incorrect  expres- 
sion, although  he  meant  what  was  correct,  and  Seebeck  was  justified 
in  replying  that  the  ear  was  the  sole  judge  of  auditory  sensations, 
and  that  the  mode  in  which  it  apprehended  tones  ought  not  to  be 
called  an  *'  illusion."      However,  oiu"  experiments  just  described 
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shew  that  the  judgment  of  the  ear  differs  according  to  the  liveli- 
ness of  its  recollection  of  the  separate  auditory  impressions  here 
fused  into  one  whole,  and  according  to  the  intensity  of  its  atten- 
tion. Hence  we  can  certainly  appeal  from  the  sensations  of  an 
ear  directed  without  assistance  to  external  objects,  whose  interests 
Seebeck  represents,  to  the  ear  which  is  attentively  observing  itself 
and  is  suitably  assisted  in  its  observation.  Such  an  ear  really  pro- 
ceeds according  to  the  law  laid  down  by  Ohm. 

Another  experiment  should  be  adduced,  fiaise  the  dampers  of 
a  pianoforte  so  that  all  the  strings  can  vibrate  freely,  then  sing  the 
vowel  a  in  father j  artj  loudly  to  any  note  of  the  piano,  directing 
the  voice  to  the  sounding-board  of  the  piano ;  the  sympathetic 
resonance  of  the  strings  distinctly  re-echoes  the  same  a.  On 
singing  oe  in  toCy  the  same  oe  is  re-echoed.  On  singing  a 
in  fare,  this  a  is  re-echoed.  For  ee  in  see  the  echo  is  not 
quite  so  good.  The  experiment  does  not  succeed  so  well  if  the 
damper  is  removed  only  from  the  note  on  which  the  vowels  are 
sung.  The  vowel  character  of  the  echo  arises  from  the  re-echoing 
of  those  upper  partial  tones  which  characterise  the  vowels.  These, 
however,  will  echo  better  and  more  clearly  when  their  correspond- 
ing higher  strings  are  free  and  can  vibrate  sympathetically.  In 
this  case,  then,  in  the  last  resort,  the  musical  effect  of  the  reso- 
nance is  compounded  of  the  tones  of  several  strings,  and  several 
separate  partial  tones  combine  to  produce  a  musical  tone  of  a 
peculiar  quality.  In  addition  to  the  vowels  of  the  human  voice, 
the  piano  will  also  quite  distinctly  imitate  the  quality  of  tone 
produced  by  a  clarinet,  when  strongly  blown  on  to  the  sounding 
board. 

Finally,  we  must  remark,  that  although  the  pitch  of  a  com- 
pound tone  is,  for  musical  purposes,  determined  by  that  of  its 
prime,  the  influence  of  the  upper  partial  tones  is  by  no  means  un- 
felt.  They  give  the  compound  tone  a  brighter  and  higher  effect. 
Simple  tones  are  dull.  When  they  are  compared  with  compound 
tones  of  the  same  pitch,  we  are  inclined  to  estimate  the  compoimd 
as  belonging  to  a  higher  Octave  than  the  simple  tones.  The 
difference  is  of  the  same  kind  as  that  heard  when  first  the  vowel 
oo  in  too  and  then  a  in  tar  are  sung  to  the  same  note.  It  is  often 
extremely  difficult  to  compare  the  pitches  of  compound  tones  of 
different  qualities.  It  is  very  easy  to  make  a  mistake  of  an 
Octave.     This  has  happened  to  the  most  celebrated  musicians  and 
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CHAPTER   V. 

ON  THE   DIFFERENCES   IN   THE  QUALITY   OF  MUSICAL   TONES. 

Towards  the  close  of  Chapter  I.  (p.  32),  we  found  that  differences 
in  the  quality  of  musical  tones  must  depend  on  the  form  of  the 
vibration  of  the  air.  The  reasons  for  this  assertion  were  only 
negative.  We  had  seen  that  loudness  depended  on  amplitude,  and 
pitch  on  rapidity  of  vibration:  nothing  else  was  left  to  distin- 
guish quality  but  vibrational  form.  We  then  proceeded  to  shew 
that  the  existence  and  loudness  of  the  upper  partial  tones  which 
accompanied  the  prime  depend  also  on  the  vibrational  form,  and 
hence  we  could  not  but  conclude  that  musical  tones  of  the  same 
quality  would  always  exhibit  the  same  combination  of  partials, 
seeing  that  the  peculiar  vibrational  form  which  excites  in  the  ear 
the  sensation  of  a  certain  quality  of  tone,  must  always  evoke  the 
sensation  of  its  corresponding  upper  partials.  The  question  then 
arises,  can,  and  if  so,  to  what  extent  can  the  differences  of  musical 
quality  be  reduced  to  the  combination  of  different  partial  tones 
with  different  intensities  in  different  musical  tones  ?  At  the  con- 
clusion of  last  chapter  (p.  103),  we  saw  that  even  artificially  com- 
bined simple  tones  were  capable  of  fusing  into  a  musical  tone  of  a 
quality  distinctly  different  from  that  of  either  of  its  constituents, 
and  that  consequently  the  existence  of  a  new  upper  partial  really 
altered  the  quality  of  a  tone.  By  this  means  we  gained  a  clue  to 
the  hitherto  enigmatical  nature  of  quality  of  tone,  and  to  the 
cause  of  its  varieties. 

There  has  been  a  general  inclination  to  credit  quality  with  all 
possible  peculiarities  of  musical  tones  that  were  not  evidently  due 
to  loudness  and  pitch.  This  was  correct  to  the  extent  that  quality 
of  tone  was  merely  a  negative  conception.  But  very  slight  con- 
sideration will  suflSce  to  shew  that  many  of  these  peculiarities  of 
musical  tones  depend  upon  the  way  in  which  they  begin  and  end. 
The  methods  of  attacking  and  releasing  tones  are  sometimes  so 
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characteristic  that  for  the  human  voice  they  have  been  noted  by 
a  series  of  different  letters.  To  these  belong  the  explosive  conso- 
nants B,  D,  Cr,  and  P,  T,  K.  The  effects  of  these  letters  are  pro- 
duced by  opening  the  closed,  or  closing  the  open  passage  through 
the  mouth.  For  B  and  P  the  closure  is  made  by  the  lips,  for  D 
and  T  by  the  tongue  and  upper  teeth,*  for  Gr  and  K  by  the  back 
of  the  tongue  and  soft  palate.  The  series  of  the  medias  B,  D,  G- 
is  distinguished  from  that  of  the  tembes  P,  T,  K,  by  the  glottis 
being  sufficiently  narrowed  when  the  closure  of  the  former  is  re- 
leased to  produce  voice,  or  at  least  the  rustle  of  whisper,  whereas 
for  the  latter  or  tenuea  the  glottis  is  wide  open,'  and  cannot  sound. 
The  mediae  are  therefore  accompanied  by  voice,  which  is  capable 
of  commencing  at  the  beginning  of  a  syllable  an  instant  before  the 
opening  of  the  mouth,  and  of  lasting  at  the  end  of  a  syllable  a 
moment  after  the  closure  of  the  mouth,  because  some  air  can  be 
still  driven  into  the  closed  cavity  of  the  mouth  and  the  vibration 
of  the  vocal  chords  in  the  larynx  can  be  still  maintained.  On 
account  of  the  narrowing  of  the  glottis  the  influx  of  air  is  more 
moderate,  and  the  noise  of  the  wind  less  sharp  for  the  meddae  than 
the  temces,  which,  being  spoken  with  open  glottis,  allow  of  a  great 
deal  of  wind  being  forced  at  once  from  the  chest.'    But  although 

*  [This  ifl  true  for  Gorman,  and  most  Continental  languages,  and  for  some  dialectal 
English,  especially  in  Cumberland,  Westmoreland,  Yorkshire,  Lancashire,  the  Peak 
of  Derbyshire  and  Ireland,  but  even  then  only  in  connection  with  the  trilled  B. 
Throughout  England  generally,  the  tip  of  the  tongue  is  quite  free  firom  the  teeth, 
except  for  TH  in  thin  and  then,  and  for  T  and  D  it  only  touches  the  hard  palate,  seldom 
adTandng  so  £sir  as  the  root  of  the  gums.  In  the  Peak  of  Derbyshire  two  dialects  are 
distinguished  by  one  possessing  the  dental  and  the  other  this  latter  coronal,  T  D. 
Some  native  Indians  recognise  the  English  T,  D  as  identical  with  their  own  cerebrals, 
and  the  French  T,  D  as  identical  with  their  own  dentals. — JVanslator."] 

*  [This  again  is  true  for  German,  but  not  for  English,  French,  or  Italian,  and  not 
even  for  the  ac^acent  Slavonic  languages.  In  these  the  glottis  is  quite  closed  for  both 
the  mediae  and  the  tenues  in  ordinary  speech,  but  the  voice  begins  for  the  mediae 
before  releasing  the  closure  of  the  lips  or  tongue  and  palate,  and  for  the  tenues  at  the 
moment  ofrdeaee.  Although  in  giving  vowel  sounds,  &c.  I  have  generally  contented 
myself  with  translating  the  same  into  English  symbols  and  examples,  it  seemed  better 
in  the  present  case,  where  the  author  was  speaking  especially  of  the  phenomena  of 
speech  to  which  he  was  personally  accustomed,  to  leave  the  text  unaltered  and  draw 
attention  to  English  peculiarities  in  foot-notes. — Dranslator.'] 

*  [Observe  again  that  this  description  of  the  rush  of  wind  accompanying  P,  T,  K, 
although  true  for  German  habits  of  speech,  is  not  true  for  the  usual  English  habits, 
which  require  the  windrush  between  the  opening  of  the  mouth  and  sounding  of  the 
Towel  to  be  entirely  suppressed.  The  English  result  is  a  gliding  vowel  sound  pre- 
ceding the  true  vowel  on  commencing,  and  following  the  vowel  on  ending  a  syllable. 
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we  are  able  to  shew  how  these  letters  are  produced,  and  to  hear 
differences  in  the  commencements  of  the  tone  of  the  voice,  we  are 
not  yet  in  a  position  to  determine  with  exactness  what  differences 
are  actually  caused  in  the  motion  of  the  air. 

As  with  consonants,  the  differences  in  the  quality  of  tone  of 
struck  strings,  also  partly  depends  on  the  rapidity  with  which  the 
tone  dies  away.  When  the  strings  have  little  mass  (strings  of 
gut),  and  are  fastened  to  a  very  mobile  sounding  board  (as  for  a 
violin,  guitar,  or  zither),  or  when  the  parts  on  which  they  rest  or 
which  they  touch  are  but  slightly  dastic  (as  when  the  violin 
strings,  for  example,  are  pressed  by  the  soft  point  of  the  finger  on 
the  &iger-board),  their  vibrations  rapidly  disappear  after  striking, 
and  the  tone  is  dry,  short,  and  without  ring,  as  in  the  pizzicato 
of  a  violin.  But  if  the  strings  are  of  metal  wire,  and  hence  of 
greater  weight  and  tension,  and  if  they  are  attached  to  strong 
heavy  bridges  which  cannot  be  much  shaken,  they  give  out  their 
vibrations  slowly  to  the  air  and  the  sounding  board ;  their  vibra- 
tions continue  longer,  their  tone  is  more  diuuble  and  fuller,  as  in 
the  pianoforte,  but  is  comparatively  less  powerful  and  penetrating 
than  that  of  strings  which  give  up  their  tone  more  readily  and  are 
struck  with  the  same  force.  Hence  the  pizzicato  of  bowed  instru- 
ments when  well  executed  is  much  more  piercing  than  the  tone 
of  a  pianoforte.  Pianofortes  with  strong  and  heavy  understays 
for  the  strings  have,  for  the  same  strength  of  string,  a  less  pene- 
trating but  a  much  more  lasting  tone  than  those  with  lighter 
understays. 

It  is  very  characteristic  of  brass  instruments,  as  trumpets  and 
trombones,  that  their  tones  conmience  abruptly  and  heavily.  The 
various  tones  in  these  instruments  are  produced  by  exciting  dif- 
ferent upper  partials  through  different  styles  of  blowing,  which 
serve  to  throw  the  column  of  air  into  vibrating  portions  of  different 
niunbers  and  lengths  similar  to  those  on  a  string.      It   always 

The  difference  between  English  P  and  German  P  is  precisely  the  same  (as  I  have 
yerified  bj  actual  observation)  as  that  between  the  simple  Sanscrit  tennis  P,  and  the 
postaspirated  Sanscrit  Ph,  as  now  actually  pronounced  by  cultivated  Bengalese.  For 
Indian  T,  Th  there  is  the  dental  difference  only,  and  for  K,  Kh  there  are  other  pecu- 
liarities which  cannot  be  here  mentioned.  For  the  aspirated  B,  "D,  Q-  again  the  case  is 
entirely  different.  These  sounds  are  exceedingly  common  in  the  Irish  pronunciation 
of  English,  and  Indians  repudiate  altogether  their  ordinary  pronunciation  by  German, 
professors  of  Sanscrit.  See  my  'Early  English  Pronunciation,'  p.  1136,  col.  1. — 
jyanskUor.] 
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requires  a  certain  amount  of  effort  to  excite  the  new  condition 
of  vibration  in  place  of  the  old,  but  when  once  established  it  is 
maintained  with  less  exertion.  On  the  other  hand,  the  transition 
firom  one  tone  to  another  is  easy  for  wooden  wind  instruments,  as 
the  flute,  oboe,  and  clarinet,  where  the  length  of  the  column  of 
air  is  readily  changed  by  application  of  the  fingers  to  the  side 
holes  and  keys,  and  where  the  style  of  blowing  has  not  to  be 
materially  altered* 

These  examples  will  suffice  to  shew  how  certain  characteristic 
peculiarities  in  the  tones  of  several  instruments  depend  on  the 
mode  in  which  they  b^^  and  end.     When  we  speak  in  what 
follows   of  musical  qvxxlity  of  tone,  we   shall   disregard  these 
peculiarities  of  beginning  and  ending,  and  confine  our  attention 
to  the  peculiarities  of  the  musical  tone  which  continues  uniformly. 
But  even  when  a  musical   tone  continues  with  uniform  or 
variable  intensity,  it  is  mixed  up  in  the  general  methods  of  excite- 
ment with  certain  noises,  which   express  greater  or  less  irregu- 
larities in  the  motion  of  the  air.     In  wind  instruments  where  the 
tones  are  maintained  by  a  stream  of  air,  we  generally  hear  more 
or  less  whizzing  and  hissing  of  the  air  which  breaks  against  the 
sharp  edges  of  the  mouthpiece.     In  strings,  rods,  or  plates  excited 
by  a  violin  bow,  we  usually  hear  a  good  deal  of  noise  from  the 
rubbing.     The  hairs  of  the  bow  are  naturally  fiill  of  many  minute 
irr^ilarities,  the   resinous  coating  is  not  spread   over  it   with 
absolute  evenness,  and  there   are  also  little   inequalities  in  the 
motion  of  the  arm  which  holds  the  bow  and  in  the  amount  of 
pressure,  all  of  which  influence  the  motion  of  the  string,  and  make 
the  tone  of  a  bad  instrument  or  an  unskilful  performer  rough, 
scraping,  and  variable.      We  shall  not  be  able  to  explain  the 
nature  of  the  motions  of  the  air  and  sensations  of  the  ear  which 
correspond  to  these  noises  till  we  have  investigated  the  conception 
of  beats.     Those  who  listen  to  music  make  themselves  deaf  to 
these  noises  by  purposely  withdrawing  attention  from  them,  but 
a  slight  amount  of  attention  generally  makes  them  very  evident 
for  all  tones  produced  by  blowing  or  rubbing.     It  is  well  known 
that  most  consonants  in  human  speech  are  characterised  by  the 
maintenance  of  similar  noises,  as  F,  V  ;  S,  Z  ;  TH  in  thin  and  in 
then ;  the  Scotch  and  German  guttural  CH,  and  Dutch  G.     For 
some  the  tone  is  made  still  more  irregular  by  trilling  parts  of  the 
mouth,  as  for  K  and  L.     In  the  case  of  R  the  stream  of  air  is 
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periodically  entirely  interrupted  by  trilling  the  uvula '  or  the  tip 
of  the  tongue ;  and  we  thus  obtain  an  intermitting  sound  to  which 
these  interruptions  give  a  peculiar  jarring  character.  In  the  case 
of  L  the  soft  side  edges  of  the  tongue  are  moved  by  the  stream  of 
air,  and,  without  completely  interrupting  the  tone,  produce  ine- 
qualities in  its  strength. 

Even  the  vowels  themselves  are  not  free  from  such  noises, 
although  they  are  kept  more  in  the  background  by  the  musical 
character  of  the  tones  of  the  voice.  Bonders  first  drew  attention 
to  these  noises,  which  are  partly  identical  with  those  which  are 
produced  when  the  corresponding  vowels  are  indicated  in  low 
voiceless  speech.  They  are  strongest  for  ee  in  see,  the  French  u 
in  VM  (which  is  nearly  the  same  as  the  Norfolk  and  Devon  oo  in 
too\  and  for  oo  in  too.  For  these  vowels  they  can  be  made  audible 
even  when  speaking  aloud.*  By  simply  increasing  their  force  the 
vowel  ee  in  see  becomes  the  consonant  y  in  yon,  and  the  vowel  oo 
in  too  the  consonant  w  in  wan?  For  a  in  artj  a  in  o^,  e  in  mety 
there,  and  o  in  more,  the  noises  appear  to  me  to  be  produced  in 
the  glottis  alone  when  speaking  gently,  and  to  be  absorbed  into 
the  voice  when  speaking  aloud.^  It  is  remarkable  that  in  speaking, 
the  vowels  a  in  art,  a  in  at,  and  e  in  met,  there,  are  produced  with 
less  musical  tone  than  in  singing.  It  seems  as  if  a  feeling  of 
greater  compression  in  the  larynx  caused  the  tuneful  tone  of 
the  voice  to  give  way  to  one  of  a  more  jarring  character  which 
admits  of  more  evident  articulation.  The  greater  intensity  thus 
given  to  the  noises  appears  in  this  case  to  facilitate  the  characte- 
risation of  the  peculiar  vowel  quality.  In  singing,  on  the  contrary, 
we  try  to  favour  the  musical  part  of  its  quality  and  hence  often 
render  the  articulation  somewhat  obscure.'^ 

*  [In  many  part*  of  Germany  and  France,  never  in  England  or  Italy,  except  as  an 
organic  defect.  There  are  also  many  other  trills,  into  'which,  as  into  other  phonetic 
details,  it  is  not  necessary  to  enter. — TransltUorJ] 

*  [I  have  heard  M.  Got,  of  the  ComMie  Fran^aise,  pronounce  the  word  oui  entirely 
without  Toic6  tones,  and  yet  make  it  audible  throughout  the  theatre. — Translator,] 

'  [That  this  is  not  the  whole  of  the  phenomenon  is  shewn  by  the  words  ye,  woo. 
The  whole  subject  is  discussed  at  length  in  my  '  Early  English  Pronunciation,'  pp. 
1092-1094,  and  1149-1151.— Translaior.] 

*  [By  '  speaking  gently'  (leise)  seems  to  be  meant  either  speaking  absolutely  with- 
out Toice,  that  is  with  an  open  glottis,  or  in  a  whisper,  with  the  glottis  nearly  closed. 
For  voice  the  glottis  is  quite  closed,  and  this  is  indicated  by  speaking  aloud  (heim 
lauten  Sprechen).  It  would  lead  too  fiir  to  discuss  the  important  phonetic  observations 
in  the  text. —  IVanslator,] 

*  [These  observations  must  not  be  considered  as  exhausting  the  subject  of  the 
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Such  accompaDying  noises  and  little  inequalities  in  the  motion 
of  the  air,  furnish  much  that  is  characteristic  in  the  tones  of 
musical  instruments,  and  in  the  vocal  tones  of  speech  which  cor^ 
respond  to  the  different  positions  of  the  mouth  ;  but  besides  these 
there  are  nimierous  peculiarities  of  quality  belonging  to  the  musical 
tone  proper,  that  is,  to  the  perfectly  regular  portion  of  the  motion 
of  the  air.  The  importance  of  these  can  be  better  appreciated 
by  listening  to  musical  instruments  or  human  voices,  from  such  a 
distance  that  the  comparatively  weaker  noises  are  no  longer 
audible.  Notwithstanding  the  absence  of  these  noises,  it  is 
generally  possible  to  discriminate  the  different  musical  instru- 
ments, although  it  must  be  acknowledged  that  under  such  circum- 
stances the  tone  of  a  horn  may  be  occasionally  mistaken  for  that 
of  the  singing  voice,  or  a  violoncello  may  be  confused  with  an 
harmonium.  For  the  human  voice,  consonants  first  disappear  at 
a  distance,  because  they  are  characterised  by  noises,  but  M,  N, 
and  the  vowels  can  be  distinguished  at  a  greater  distance.^  The 
formation  of  M  and  N  in  so  far  resembles  that  of  vowels,  that  no 
noise  of  wind  is  generated  in  any  part  of  the  cavity  of  the  mouth, 
which  is  perfectly  closed,  and  the  sound  of  the  voice  escapes  through 
the  nose.  The  nose  merely  forms  a  resonance  chamber  which 
alters  the  quality  of  tone.  It  is  interesting  in  calm  weather  to 
listen  to  the  voices  of  men  who  are  descending  from  high  hills  to 
the  plain.  Words  can  no  longer  be  recognised,  or  at  most  only 
such  as  are  composed  of  M,  N,  and  vowels,  as  Mammdj  No.  But 
the  vowels  contained  in  the  spoken  words  are  easily  distinguished. 
They  form  a  strange  series  of  alternations  of  quality  and  singular 
inflections  of  tone,  wanting  the  thread  which  connects  them  into 
words  and  sentences.' 

difference  between  the  singing  and  the  speaking  voice,  which  requires  a  peculiar  study 
here  merelj  indicated.  The  differcuce  between  English  and  German  habits  of  speak- 
ing and  singing  must  also  be  borne  in  mind,  and  aUowed  for  bj  the  reader.  The 
Ei^lish  TOweU  given  in  the  text  are  not  the  perfect  equivalents  of  Prof.  Helmholts's 
Oennan  sounds.  The  noises  which  accompany  the  vowels  are  not  nearly  so  marked 
m  English  as  in  German,  but  they  differ  very  much  locally,  even  in  England. — 
Thamalatar.] 

>  [The nasals  M  and  N  are  distinguished  firom  B  and  D,  for  example,  as  being  nasals, 
bat  they  are  readily  confused  with  each  other  even  at  small  distances.  The  con- 
■onaDts,  especiAlly  P,  T,  K  in  English,  are  also  distinguished  by  peculiar  gliding 
Towel  sounds,  which,  however,  are  too  delicate  to  be  heard  at  great  difttances,  and  are 
easilv  overwhelmed  by  shouting  on  the  continuous  vowel  sounds. —  TYanslator.] 

*  [The  three  vowels  ee  in  Mf,  a  in  arty  and  oo  in  too  are  most  easily  distinguished  at 
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In  the  present  chapter  we  shall  at  first  disregard  all  irregular 
portions  of  the  motion  of  the  air,  and  the  mode  in  which  soimds 
commence  or  terminate,  directing  our  attention  solely  to  the 
musical  part  of  the  tone,  properly  so  called,  which  corresponds 
to  a  uniformly  sustained  and  regularly  periodic  motion  of  the  air, 
and  we  shall  endeavour  to  discover  the  relations  between  the 
quality  of  the  sound  and  its  composition  out  of  individual  simple 
tones.  The  peculiarities  of  quality  of  sound  belonging  to  this 
division,  we  shall  briefly  call  its  musiccd  quality. 

The  object  of  the  present  chapter  is,  therefore,  to  describe  the 
diflFerent  composition  of  musical  tones  as  produced  by  different  in- 
struments, for  the  purpose  of  shewing  how  different  modes  of  com- 
bining the  upper  partial  tones  correspond  to  characteristic  varieties 
of  musical  quality.  Certain  general  rules  will  result  for  the 
arrangement  of  the  upper  partial  tones  which  answer  to  such  species 
of  musical  quality  as  are  called,  soft^  piercing^  braying^  hollow 
or  poor,  full  or  rich,  dull,  bright,  crisp,  pungent,  and  so  on.  In- 
dependently of  oiu:  immediate  object  (the  determination  of  the  phy- 
siological action  of  the  ear  in  the  discrimination  of  musical  quality, 
which  is  reserved  for  the  following  chapter),  the  results  of  this  in- 
vestigation are  important  for  the  resolution  of  piurely  musical 
questions  in  later  chapters,  because  they  shew  us  how  rich  in 
upper  partial  tones,  good  musical  qualities  of  tone  are  found  to  be, 
and  also  point  out  the  peculiarities  of  musical  quality  favoured  on 
those  musical  instruments,  for  which  the  quality  of  tone  has  been 
to  some  extent  abandoned  to  the  caprice  of  the  maker. 

Since  physicists  have  worked  comparatively  little  at  this  sub- 
ject, I  shall  be  forced  to  enter  somewhat  more  minutely  into  the 
mechanism  by  which  the  tones  of  several  instruments  are  produced, 
than  will  be,  perhaps,  agreeable  to  many  of  my  readers.  For  such 
the  principal  results  collected  at  the  end  of  this  chapter  will  sufi&ce. 
On  the  other  hand,  I  must  ask  indulgence  for  leaving  many  large 
gaps  in  this  almost  unexplored  region,  and  for  confining  myself 
principally  to  instruments  sufficiently  well  known  for  us  to  obtain 
a  tolerably  satisfactory  view  of  the  source  of  their  tones.     In  this 

a  distance.  This  suggests  the  construction  of  a  roioe  telegraph  for  night  purposes, 
where  the  three  signahi  might  answer  in  the  above  order  to  the  point,  dash,  and  blank 
of  the  ordinary  telegraph  alphabet,  and  the  necessarily  inaudible  and  consequently 
useless  consonants  might  be  introduced  at  pleasure  to  facilitate  articulation. —  TVans- 
iator.] 
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inquiry  lie  rich  materiak  for  interesting  acoustical  work.  But  I 
have  felt  bound  to  confine  myself  to  what  was  necessary  for  the 
pontinuation  of  the  present  investigation. 

1.  Musical  Tones  vdthout  Upper  ParticUs. 

We  begin  with  such  musical  tones  as  are  not  decomposable, 
but  consist  of  a  single  simple  tone.  These  are  most  readily  and 
purely  produced  by  holding  a  struck  tuning-fork  over  the  mouth 
of  a  resonance  tube,  as  has  been  described  in  the  last  chapter  (p. 
87).  These  tones  are  uncommonly  soft  and  free  from  all  shriU- 
ness  and  roughness.  As  already  remarked,  they  appear  to  lie  com- 
paratively deep,  so  that  such  as  correspond  to  the  deep  tones  of  a 
bass  voice  produce  the  impression  of  a  most  remarkable  and  unusual 
depth.  The  musical  quality  of  such  deep  simple  tones  is  also 
rather  dulL  The  simple  tones  of  the  soprano  pitch  sound  bright,  but 
even  those  corresponding  to  the  highest  tones  of  a  soprano  voice  are 
very  soft,  without  a  trace  of  that  cutting,  rasping  shrillness  which 
is  displayed  by  most  intruments  at  such  pitches,  with  the  exception, 
perhaps,  of  the  flute,  for  which  the  tones  are  very  nearly  simple, 
being  accompanied  with  very  few  and  faint  upper  partials.  Among 
vowels  the  oo  in  too  comes  nearest  to  a  simple  tone,  but  even  this 
vowel  is  not  entirely  free  from  upper  partials.  On  comparing  the 
musical  quality  of  a  simple  tone  thus  produced  with  that  of  a 
compound  tone  in  which  the  first  harmonic  upper  partial  tones  are 
developed,  the  latter  will  be  found  to  be  more  tuneful,  metallic, 
and  brilliant.  Even  the  vowel  oo  in  too,  although  the  dullest  and 
least  tuneful  of  all  vowels,  is  sensibly  more  brilliant  and  less  dull 
than  a  simple  tone  of  the  same  pitch.  The  series  of  the  first  six 
partial  tones  of  a  compound  tone  may  be  regarded  musically  as  a 
major  chord  with  a  very  predominant  fundamental  tone,  and  in  fact 
the  musical  quality  of  a  compound  tone  possessing  these  partials, 
as,  for  example,  a  fine  singing  voice,  when  heard  beside  a  simple 
tone,  very  distinctly  produces  the  agreeable  efiect  of  a  consonant 

chord. 

Since  the  form  of  simple  waves  of  known  periodic  time  is  com- 
pletely given  when  their  amplitude  is  given,  simple  tones  of  the 
ame  pitch  can  only  differ  in  loudness  and  not  in  musical  quality. 
In  feet,  the  difference  of  quality  remains  perfectly  indistinguish- 
able, whether  the  simple  tone  is  conducted  to  the  external  air  in 
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the  preceding  methods  by  a  tuning  fork  and  a  resonance  tube  of 
any  given  material,  glass,  metal,  or  pasteboard,  or  by  a  string,  pro- 
vided only  that  we  guard  against  any  chattering  in  the  apparatus. 
Simple  tones  accompanied  only  by  the  noise  of  rushing  wind 
can  also  be  produced,  as  already  mentioned,  by  blowing  over  the 
mouth  of  bottles  with  necks  (p.  102).  If  we  disregard  the  fric- 
tion of  the  air,  the  proper  musical  quality  of  such  tones  is  really 
the  same  as  that  produced  by  tuning  forks. 

2.  Musical  Tones  with  Inharmonic  Upper  ParticUs, 

Nearest  to  musical  tones  without  any  upper  partials  are  those 
with  secondary  tones  which  are  inharmonic  to  the  prime,  and 
such  tones,  therefore,  in  strictness,  should  not  be  reckoned  as 
musical  tones  at  all.  They  are  exceptionally  used  in  artistic  music, 
but  only  when  it  is  contrived  that  the  prime  time  should  be  so 
much  more  powerful  than  the  secondary  tones,  that  the  existence 
of  the  latter  may  be  ignored.  Hence  they  are  placed  here  next  to 
the  simple  tones,  because  musically  they  are  available  only  for  the 
more  or  less  good  simple  tones  which  they  represent.  The  first  of 
these  are  tuning  forks  themselves,  when  they  are  struck  and 
applied  to  a  sounding  board,  or  brought  very  near  the  ear.  The 
upper  partial  tones  of  tuning  forks  lie  very  high.  In  those  which 
I  have  examined,  the  first  made  from  5*8  to  6*6  as  many  vibra- 
tions in  the  same  time  as  the  prime  tone,  and  hence  lay  between 
it«  third  diminished  Fifth  and  major  Sixth.  The  vibrational 
numbers  of  these  high  upper  partial  tones  were  to  one  another  as 
the  squares  of  the  odd  numbers.  In  the  time  that  the  first  upper 
partial  would  execute  3.3  =  9  vibrations,  the  next  would  execute 
5.5  =  25,  and  the  next  7.7  =49,  and  so  on.  Their  pitch,  therefore, 
increases  with  extraordinary  rapidity,  and  they  are  usually  all  in- 
harmonic with  the  prime,  though  some  of  them  may  exceptionally 
become  harmonic.  If  we  call  the  prime  tone  of  the  fork  c,  the  next 
succeeding  tones  are  nearly  a''|;>,  df^^  c^'Jf.  These  high  secondary 
tones  produce  a  bright  inharmonic  clink,  which  is  easily  heard  at 
a  considerable  distance  when  the  fork  is  first  struck,  whereas  when 
it  is  brought  close  to  the  ear,  the  prime  tone  alone  is  heard.  The 
ear  readily  separates  the  prime  from  the  upper  tones  and  has  no 
inclination  to  fuse  them.  The  high  simple  tones  usually  die  off 
rapidly,  while  the  prime  tone  remains  audible  for  a  long  time.    It 
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should  be  remarked,  however,  that  the  mutual  relations  of  the 
proper  tones  of  tuning  forks  diflFer  somewhat  according  to  the  form 
of  the  fork,  and  hence  the  above  indications  must  be  looked  upon 
as  merely  approximate.  In  theoretical  determinations  of  the  upper 
partial  tones,  each  prong  of  the  fork  may  be  regarded  as  a  rod  fixed 
at  one  end. 

The  same  relations  hold  for  straight  elastic  rods,  which  also, 
when  struck,  give  rather  high  inharmonic  upper  partial  tones. 
When  such  a  rod  is  firmly  supported  at  the  two  nodal  lines  of 
its  prime  tone,  the  continuance  of  that  tone  is  favoured  in 
preference  to  the  other  higher  tones,  and  hence  the  latter  dis- 
turb the  effect  very  slightly,  more  especially  as  they  rapidly  die 
away  after  the  rod  has  been  struck.  Such  rods,  however,  are 
not  suitable  for  real  artistic  music,  although  they  have  lately  been 
introduced  for  military  and  dance  music  on  account  of  their 
penetrating  qualities  of  tone.  Glass  rods  or  plates,  and  wooden 
rods,  were  formerly  used  in  this  way  for  the  glass  harmonica 
and  toood  harmonica.  The  rods  were  inserted  between  two  pairs 
of  intertwisted  strings,  which  grasped  them  at  their  two  nodal 
lines.  The  wooden  rods  in  the  German  atraw-fidcUe  were  simply 
laid  on  straw  cylinders.  They  were  struck  with  hammers  of  wood 
or  cork. 

The  only  effect  of  the  material  of  the  rods  on  the  quality 
of  tone  in  these  cases,  consists  in  the  greater  or  less  length  of 
time  that  it  allows  the  proper  tones  at  different  pitches  to  con- 
tinue. These  secondary  toned,  including  the  higher  ones,  usually 
continue  to  sound  longest  in  elastic  metal  of  fine  uniform  con- 
sistency, because  its  greater  mass  gives  it  a  greater  tendency 
to  continue  in  any  state  of  motion  which  it  has  once  assumed, 
and  among  metals  the  most  perfect  elasticity  is  found  in  steel, 
and  the  better  alloys  of  copper  and  zinc,  or  copper  and  tin.  In 
slightly  alloyed  precious  metals,  their  greater  specific  gravity 
lengthens  the  duration  of  the  tone,  notwithstanding  their  inferior 
elasticity.  Superior  elasticity  appears  to  favour  the  continuance 
of  the  higher  proper  tones,  because  imperfect  elasticity  and  fric- 
tion generally  seem  to  damp  rapid  more  quickly  than  slow 
vibrations.  Hence  I  think  that  I  may  describe  the  general  cha- 
racteristic of  what  is  usually  called  a  metallic  quality  of  tone, 
as  the  comparatively  continuous  and  uniform  maintenance  of 
higher  upper  partial  tones.  The  quality  of  tone  for  glass  is  similar  5 

I  2 
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but  as  it  breaks  wbeo  violently  agitated,  the  tone  ia  always  weak 
aod  soft,  and  it  is  also  comparatively  high,  and  dies  rapidly 
away,  on  account  of  the  smaller  mass  of  the  vibrating  body.  In 
wood  the  mass  is  small,  the  internal  structure  comparatively 
rough,  being  fiill  of  coimtless  interstices,  and  the  elasticity  also 
comparatively  imperfect,  so  that  the  proper  tones,  especially  the 
higher  ones,  rapidly  die  away.  And  for  this  reason  the  atraiv- 
fiddle  or  wood-harmonica  is  perhaps  more  satisfactory  to  a  musical 
ear,  than  harmonicas  formed  of  steel  or  glass  rods  or  plates, 
with  their  piercing  inharmonic  upper  partial  tones, — at  least  so 
&r  as  simple  tones  are  suitable  for  music  at  all,  of  which  I  shall 
have  to  speak  later  on. 

For  all  of  these  instruments  which  have  to  be  struck,  the 
bammem  are  made  of  wood  or  cork,  and  covered  with  leather. 
This  renders  the  highest  upper  partials  much  weaker  than  if 
only  hard  metal  hammers  were  employed.  CSreater  hardness  of 
the  striking  mass  produces  greater  discontinuities  in  the  original 
motion  of  the  plate.  The  influence  exerted  by  the  manner  of 
striking  will  be  considered  more  in  detail,  in  reference  to  strings, 
where  it  is  also  of  much  importance. 

According  to  Chladni's  discoveries,  daatio  plates,  cut  in  cir- 
cular, oval,  square,  oblong,  triangular,  or  hexagonal  forms,  will 
Bound  in  a  great  number  of  difierent  vibrational  forms,  usually 
producing  simple  tones  which  are  mutually  inharmoDic.     Fig.  21 

Pio.  21. 


gives  the  more  simple  vibration^  forms  of  a  circular  plate. 
Much  more  complicated  forms  occur  when  several  circles  or  addi- 
tional diameters  appear  as  nodal  lines,  or  where  both  circles  and 
diameters  occur.  Supposing  the  vibrational  form  A  to  give  the 
tone  c,  the  others  give  the  following  proper  tones : — 
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This  BhewB  that  many  proper  tones  of  nearly  the  same  pitch 
are  produced  by  a  plate  of  this  kind.  When  a  plate  is  struck, 
those  proper  tones  which  have  no  node  at  the  point  struck,  will  all 
sound  together.  To  obtain  a  particular  determinate  tone  it  is  of 
advantage  to  support  the  plate  in  points  which  lie  in  the  nodal 
lines  of  that  tone ;  because  those  proper  tones  which  have  no  node 
in  those  points  will  then  die  off  more  rapidly.  For  example,  if  a 
circular  plate  is  supported  at  3  points  in  the  nodal  circle  of  fig.  21, 
C  (p.  116),  and  is  struck  exactly  in  its  middle,  the  simple  tone 
called  ^  in  the  table,  which  belongs  to  that  form,  will  be  heard, 
and  aU  those  other  proper  tones  which  have  diameters  as  some 
of  their  nodal  lines  will  be  very  weak,  for  example  c,  d\  d'^  ^\  6'[> 
in  the  table.  In  the  same  way  the  tone  ^'i^  with  two  nodal 
circles,  dies  off  immediately,  because  the  points  of  support  fall 
on  one  of  its  ventral  segments,  and  the  first  proper  tone  which 
can  sound  loudly  at  the  same  time  is  that  corresponding  to  three 
nodal  circles,  one  of  its  nodal  lines  being  near  to  that  of  No.  2. 
But  this  is  3  Octaves  and  more  than  a  whole  Tone  higher  than 
the  proper  tone  of  No.  2,  and  on  account  of  this  great  interval 
does  not  disturb  the  latter.  Hence  a  disc  thus  struck  gives  a 
tolerably  good  musical  tone,  whereas  plates  in  general  produce 
sounds  composed  of  many  inharmonic  proper  tones  of  nearly 
the  same  pitdi,  giving  an  empty  tin-ketUe  sort  of  quality,  which 
cannot  be  used  in  music.  But  even  when  the  disc  is  properly 
supported  the  tone  dies  away  rapidly,  at  least  in  the  case  of  glass 
[riates,  because  contact  at  many  points,  even  when  nodal,  sensibly 
impedes  the  freedom  of  vibration. 

The  sound  of  hella  is  also  accompanied  by  inharmonic  se- 
condary tones,  which,  however,  do  not  lie  so  close  to  one  another 
as  those  of  flat  plates.  The  vibrations  which  usually  arise  have 
4,  6,  8,  10,  &c»  nodal  lines  extending  from  the  vertex  of  the  bell 
to  its  margin,  at  equal  intervals  from  each  other.     The  corre- 
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sponding  proper  tones  for  glass  bells  which  have  approximatively 
the  same  thickness  throughout,  are  nearly  as  the  squares  of  the 
numbers  2,  3,  4,  5,  so  that  if  we  call  the  lowest  tone  c,  we  have 
for  the 
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The  tones,  however,  vary  with  the  greater  or  less  thickness  of 
the  wall  of  the  bell  towards  the  margin,  and  it  appears  to  be  an 
essential  point  in  the  art  of  casting  beUs,  to  make  the  deeper 
proper  tones  mutually  harmonic  by  giving  the  bell  a  certain 
empirical  form.  According  to  the  observations  of  the  organist 
Oleitz,^  the  bell  cast  for  the  cathedral  at  Erfurt  in  1477  has  the 
following  proper  tones :  E,  e,  ffjf^  6,  ef,  ^%  h\  <i'%.  The  bell  of 
St.  Paul's,  London,  gives  a  and  d^  Hemony  of  Ziitphen,  a 
master  in  the  seventeenth  century,  required  a  good  bell  to  have 
three  Octaves,  two  Fifths,  one  major  and  one  minor  Third.  The 
deepest  tone  is  not  the  strongest.  The  body  of  the  bell  when 
struck  gives  a  deeper  tone  than  the  ^  sound  bow,'  but  the  latter 
gives  the  loudest  tone.  Probably  other  vibrational  forms  of  bells 
are  also  possible  in  which  nodal  circles  are  formed  parallel  to  the 
margin.  But  these  seem  to  be  produced  with  difficulty  and  have 
not  yet  been  examined. 

If  a  bell  is  not  perfectly  symmetrical  in  respect  to  its  axis,  if, 
for  example,  the  wall  is  a  little  thicker  at  one  point  of  its  circum- 
ference than  at  another,  it  will  give,  on  being  struck,  two  different 
tones  of  very  nearly  the  same  pitch,  which  will  *  beat '  together. 
Four  points  on  the  margin  will  be  found,  separated  from  each 
other  by  quarter-circles,  in  which  only  one  of  these  tones  can  be 
heard  without  accompanying  beats,  and  four  others,  half-way 
between  the  pairs  of  the  others,  where  the  second  tone  only  sounds. 
If  the  bell  is  struck  elsewhere  both  tones  are  heard,  producing 
beats,  and  such  beats  may  be  perceived  in  most  bells  as  their  tone 
dies  gradually  away. 

Stretched  Tfiemhranea  have  also  inharmonic  proper  tones  of 

*  *  Historical  Notes  on  the  Great  Bell  and  the  other  Bells  in  Erfurt  Cathedral  * 
( Gewhiehtlichea  uber  die  grosae  Glocke  und  die  vbrigen  Glocken  dee  Darnea  ru  Erfurt). 
Erfurt,  1867.  -  See  also  Schaf  hautl  in  the  *  Kunst-  und  Gewerbeblatt  fiir  das  Konig- 
reich  Bayem/  1868,  LIV.  325  to  350;  385  to  427. 
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nearly  the  same  pitch.     For  a  circular  membrane,  of  which  the 
deepest  tone  is  c,  these  are,  in  order  of  pitch : 


Kamber  of  Nodal  Lines 

Tone 

Diameters 

Circles 

0 
1 
2 
0 

1 
0 

0 
0 
0 

1 
I 
2 

« 

ab 

dt  +0-1 

df    +0-2 

^    -0-2 

These  tones  rapidly  die  out.  If  the  membranes  are  associated 
with  an  air  chamber,  as  in  the  kettledmrn^  the  relation  of  the 
proper  tones  may  be  altered,  and  the  prime  tone  seems  to  gain  in 
strength  with  respect  to  the  others.  No  detailed  investigations 
have  yet  been  made  on  the  secondary  tones  of  the  kettledrum. 
The  drum  is  used  in  artistic  music,  but  only  to  mark  certain 
accents.  It  is  tuned,  indeed,  not  for  the  purpose  of  filling  up 
chords,  but  only  to  prevent  injury  to  the  harmony. 

The  conmion  character  of  the  instruments  hitherto  described 
is  that  when  stnick  they  produce  inharmonic  upper  partial  tones. 
If  these  are  of  nearly  the  same  pitch  as  the  prime  tone,  their 
quality  of  sound  is  in  the  highest  degree  unmusical,  bad,  and  tin- 
kettly.  If  the  secondary  tones  are  of  very  different  pitch  from 
the  prime,  and  weak  in  force,  the  quality  of  sound  is  more  musical, 
as  for  example  in  tuning-forks,  harmonicas  of  rods,  and  bells ;  and 
such  tones  are  applicable  for  marches  and  other  boisterous  music, 
principally  intended  to  mark  time.  But  for  really  artistic  music, 
such  instruments  as  these  have  always  been  rejected,  as  they 
ought  to  be,  for  the  inharmonic  secondary  tones,  although  they 
rapidly  die  out,  always  distiurb  the  harmony  most  unpleasantly, 
renewed  as  they  are  at  every  fresh  blow.  A  very  striking  example 
of  this  was  furnished  by  a  company  of  bell-ringers,  said  to  be 
Scotch,  that  lately  travelled  about  Germany,  and  performed  all 
kinds  of  musical  pieces,  some  of  which  had  an  artistic  character. 
The  accuracy  and  skill  of  the  performance  vras  undeniable,  but  the 
musical  effect  was  detestable,  on  account  of  the  heap  of  false 
secondary  tones  which  accompanied  the  music,  although  care  was 
taken  to  damp  each  bell  as  soon  as  the  proper  duration  of  its  note 
had  expired,  by  placing  it  on  a  table  covered  with  cloth. 
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Resonant  bodies  with  inharmonic  partials,  may  be  also  set  in 
action  by  violin  bows,  and  then  by  properly  damping  them  in  a 
nodal  line  of  the  desired  tone,  the  secondary  tones  which  lie  near 
it  can  be  prevented  from  interfering.  One  simple  tone  then  pre- 
dominates distinctly,  and  it  might  consequently  be  used  for  musical 
purposes.  But  when  the  violin  bow  is  applied  to  any  bodies  with 
inharmonic  upper  partial  tones,  as  timing-forks,  plates,  bells,  we 
hear  a  strong  scratching  soimd,  which  on  investigation  with 
resonators,  is  found  to  consist  mainly  of  these  same  inharmonic 
secondary  tones  of  such  bodies,  not  sounding  continuously  but 
only  in  short  irregular  fits  and  starts.  Intermittent  tones,  as  I 
have  already  noted,  produce  the  effect  of  grating  or  scratching. 
It  is  only  when  the  body  excited  by  the  violin  bow  has  harmonic 
upper  partials,  that  it  can  perfectly  acconunodate  itself  to  every 
impulse  of  the  bow,  and  give  a  really  musical  quality  of  tone. 
The  reason  of  this  is  that  any  required  periodic  motion  such  as 
the  bow  aims  at  producing,  can  be  compounded  of  motions  cor- 
responding to  harmonic  upper  partial  tones,  but  not  of  other, 
inharmonic  vibrations. 

3.  Musical  Tones  of  Strings, 

We  now  proceed  to  the  analysis  of  musical  tones  proper,  which 
are  characterised  by  harmonic  upper  partials.  These  may  be  best 
classified  according  to  their  mode  of  excitement:  1.  By  striking. 
2.  By  bowing.  3.  By  blowing  against  a  sharp  edge.  4.  By  blowing 
against  elastic  tongues  or  vibrators.  The  two  first  classes  compre- 
hend stringed  instruments  alone,  as  longitudinally  vibrating  rods, 
the  only  other  instruments  producing  harmonic  upper  partial 
tones,  are  not  used  for  musical  purposes.  The  third  class  embraces 
flutes  and  the  flute  or  flue  stops  of  organs ;  the  fourth  all  other 
wind  instruments,  including  the  haman  voice. 

Strings  excited  by  Striking. — ^Among  musical  instruments  at 
present  in  use,  this  section  embraces  the  pianoforte^  harpy  guitar^ 
and  zither ;  among  physical,  the  [Tnonockord^  arranged  for  an 
accurate  examination  of  the  laws  controlling  the  vibrations  of 
strings  ;  the  pizzicato  of  bowed  instruments  must  also  be  placed 
in  this  category.  We  have  already  mentioned  that  the  musical 
tones  produced  by  strings  which  are  struck  or  plucked,  produce 
numerous  upper  partial  tones.  We  have  the  advantage  of  pos- 
sessing a  complete  theory  for  the  motion  of  plucked  strings,  by 
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which  the  force  of  their  upper  partial  tones  may  be  determined. 
In  the  last  chapter  we  conipared  some  of  the  conclusions  of  this 
theory  with  the  results  of  experiment,  and  found  them  agree.  A 
similarly  complete  theory  may  be  formed  for  the  case  of  a  string 
which  has  been  struck  in  one  of  its  points  by  a  hard  sharp  edge. 
The  problem  is  not  so  simple  when  soft  elastic  hammers  are  used, 
such  as  those  of  the  pianoforte,  but  even  in  this  case  it  is  possible 
to  assign  a  theory  for  the  motion  of  the  string  which  embraces  at 
least  the  most  essential  features  of  the  process,  and  indicates  the 
force  of  the  upper  partial  tones.^ 

The  loudness  or  force  of  the  upper  partial  tones  in  a  struck 
string,  depends  in  general  on : — 

1.  The  nature  of  the  stroke. 

2.  The  pUice  atrucL 

3.  The  density  J  rigicUty,  and  elasticity  of  the  strvag. 

First,  as  to  the  nature  of  the  stroke.     The  string  may  be 
pludced,  by  drawing  it  on  one  side  with  the  finger  or  a  point  (the 
plectrum,  or  the  ring  of  the  zither-player),  and  then  letting  it  go. 
This  is  a  usual  mode  of  exciting  a  string  in  a  great  number  of 
ancient  and  modem  stringed  instnunents.     Among  the  modem, 
I  need  only  mention  the  harp^  guitar^  and  zither.    Or  else,  the 
string  may  be  struck  with  a  hammer-shaped  body,  as  in  the  piano- 
forte, and  its  ancient  congeners,  the  spi/netj  &c.     I  have  already 
remarked  that  the  strength  and  number  of  the  upper  partial 
tones  increases  with  the  abruptness  of  the  discontinuities  in  the 
motion  excited.     This  fact  determines  the  various  modes  of  ex- 
citing a  string.     When  a  string  is  plucked,  the  finger,  before 
quitting  it,  removes  it  from  its  position  of  rest  throughout  its 
whole  length.     A  discontinuity  in  the  string  arises  only  by  its 
fiorming  a  more  or  less  acute  angle  at  the  place  where  it  wraps 
itself  about  the  finger  or  point.     The  angle  is  more  acute  for  a 
sharp  point  than  for  the  finger.     Hence  the  sharp  point  produces 
a  shriller  tone  with  a  greater  number  of  high  tinkling  upper 
partials,  than  the  finger.     But  in  each  case  the  intensity  of  the 
prime  tone  exceeds  that  of  any  upper  partial.     If  the  string  is 
slmck  with  a  sharp-edged  metallic  hammer  which  rebounds  in- 
fltantly,  only  the  one  single  point  struck  is  set  in  motion  directly. 
Immediately  after  the  blow  the  remainder  of  the  string  ia  at  rest. 
It  does  not  move  until  a  wave  of  deflection  arises,  and  runs  back- 

'  See  Appendix,  No.  V. 
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wards  and  forwards  over  the  string.  This  limitation  of  the  ori- 
ginal motion  to  a  single  point  produces  the  most  abrupt  discon- 
tinuities, and  a  corresponding  long  series  of  upper  partial  tones, 
having  intensities'  in  most  cases  equalling  or  even  surpassing  that 
of  the  prime.  When  the  hammer  is  soft  and  elastic,  the  motion 
has  time  to  spread  before  the  hammer  rebounds.  When  thus 
struck  the  point  of  the  string  in  contact  with  such  a  hammer  is 
not  set  in  motion  with  a  jerk,  but  increases  gradually  and  con- 
tinuously in  velocity  during  the  contact.  The  discontinuity  of 
the  motion  is  consequently  much  less,  diminishing  as  the  softness 
of  the  hammer  increases,  and  the  force  of  the  higher  upper  partial 
tones  is  correspondingly  decreased. 

We  can  easily  convince  ourselves  of  the  correctness  of  these 
statements  by  opening  the  lid  of  any  pianoforte,  and,  keeping  one 
of  the  digitab  down  with  a  weight,  so  as  to  free  the  string  from 
the  damper,  plucking  the  string  at  pleasure  with  a  finger  or  a 
point,  and  striking  it  with  a  metallic  edge  or  the  pianoforte 
hammer  itself.  The  qualities  of  tone  thus  obtained  will  be  en- 
tirely different.  When  the  string  is  struck  or  plucked  with  hard 
metal,  the  tone  is  piercing  and  tinkling,  and  a  little  attention 
suffices  to  make  us  hear  a  multitude  of  very  high  partial  tones. 
These  disappear,  and  the  tone  of  the  string  becomes  duller,  softer, 
and  more  harmonious,  when  we  pluck  the  string  with  the  soft 
finger  or  strike  it  with  the  proper  soft  hammer.  We  also  readily 
recognise  the  different  loudness  of  the  prime  tone.  When  we 
strike  with  metal,  the  prime  tone  is  scarcely  heard  and  the  quality 
of  tone  is  correspondingly  poor.  The  peculiar  quality  of  tone 
commonly  termed  poverty,  as  opposed  to  richness,  arises  from  the 
upper  partials  being  comparatively  too  strong  for  the  prime  tone. 
The  prime  tone  is  heard  best  when  the  string  is  plucked  with  a  soft 
finger,  which  produces  a  rich  and  yet  harmonious  quality  of  tone. 
The  prime  tone  is  not  so  strong,  at  least  in  the  middle  and  deeper 
Octaves  of  the  instrument,  when  the  strings  are  struck  with  the 
pianoforte  hammer,  as  when  they  are  plucked  with  the  finger. 

This  is  the  reason  why  it  has  been  found  advantageous  to  cover 
pianoforte  hammers  with  thick  layers  of  felt,  rendered  elastic  by 
much  compression.  The  outer  layers  are  the  softest  and  most 
yielding,  the  lower  are  firmer.     The  surface  of  the  hammer  comes 

*  When  intensity  is  here  mentioned,  it  is  always  measured  objectively,  by  the  vis 
viva,  or  mechanical  equivalent  of  work  of  the  corresponding  motion. 
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in  contact  with  the  string  without  any  audible  impact ;  the  lower 
layers  give  the  elasticity  which  throws  the  hanuner  back  from  the 
siring.  If  you  remove  a  pianoforte  hammer  and  strike  it  strongly 
on  a  wooden  table  or  against  a  wall,  it  rebounds  from  them  like 
an  india-rubber  ball.  The  heavier  the  hammer  and  the  thicker 
the  layers  of  felt — as  in  the  hammers  for  the  lower  Octaves — 
the  longer  must  it  be  before  it  rebounds  from  the  string.  The 
hammers  for  the  upper  Octaves  are  lighter  and  have  thinner  layers 
of  felt.  The  makers  of  these  instruments  have  been  clearly  led 
by  practice  to  discover  certain  relations  of  the  elasticity  of  the 
hanmier  to  the  best  tones  of  the  string.  The  make  of  the  hammer 
has  an  inunense  influence  on  the  quality  of  tone.  Theory  shews 
that  those  upper  partial  tones  are  especially  favoured  whose 
periodic  time  is  nearly  equal  to  twice  the  time  during  which  the 
hammer  lies  on  the  string,  and  that,  on  the  other  hand,  those  dis- 
appear  whose  periodic  time  is  6,  10,  14,  &c  times  as  great. 

My  experiments  with  very  good  and  new  grand  pianofortes 
made  by  Kaim  and  Giinther,  shew  that  in  the  middle  and  deeper 
Octaves,  the  first  Weak  or  vanishing  partial  is  generally  the 
seventh,  but  it  is  also  sometimes  the  sixth  or  fifth.  Differences 
often  occur  for  closely  adjacent  notes.  Hence  it  follows  that  the 
time  of  the  hammer's  contact  is  about  half  the  periodic  time  of 
the  second  partial  tone  of  the  string.  In  the  upper  Octaves,  on 
tiie  other  hand,  this  time  of  contact  appears  to  approach  half  the 
periodic  time  of  the  prime,  or  even  to  exceed  it.  The  intensity  of 
the  individual  upper  partials  as  calculated  from  these  data  will  be 
given  hereafter. 

Secondly  as  to  the  place  struck.  In  the  last  chapter,  when 
verifying  Ohm's  law  for  the  analysis  of  musical  tones  by  the  ear, 
we  remarked  that  whether  strings  are  plucked  or  struck,  those 
upper  partials  disappear  which  have  a  node  at  the  point  excited. 
Conversely ;  those  partials  are  comparatively  strongest  which  have 
a  maximum  displacement  at  that  point.  Oenerally,  when  the 
same  method  of  striking  is  successively  applied  to  different  points 
of  a  string,  the  individual  upper  partials  increase  or  decrease  with 
the  intensity  of  motion,  at  the  point  of  excitement,  for  the  corre- 
sponding simple  vibrations  of  the  string.  The  composition  of  the 
musical  tone  of  a  string  can  be  consequently  greatly  varied  by 
merely  changing  the  point  of  excitement. 

Thus  if  a  string  be  struck  in  its  middle,  the  second  partial  tone 
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disappears,  because  it  has  a  node  at  that  point.  But  the  third 
partial  tone  comes  out  forcibly,  because  as  its  nodes  lie  at  ^  and  f 
the  length  of  the  string  from  its  extremities,  the  string  is  struck 
half-way  between  these  two  nodes.  The  fourth  partial  has  its 
nodes  at  i)  i  (  =  i)9  and  }  the  length  of  the  string  from  its  ex- 
tremity. It  is  not  heard,  because  the  point  of  excitement  corre- 
sponds to  its  second  node.  The  sixth,  eighth,  and  generally  the 
even  partials  disappear  in  the  same  way,  but  the  fifth,  seventh, 
ninth,  and  the  other  odd  partials  are  heard.  By  this  disappearance 
of  the  even  partial  tones  when  a  string  is  struck  at  its  middle,  its 
tone  obtains  a  peculiar  quality,  essentially  different  from  that 
usually  heard  from  strings.  It  sounds  somewhat  hollow  or  nasal. 
The  experiment  is  easily  made  on  any  piano  when  it  is  opened  and 
the  dampers  are  raised.  The  middle  of  the  string  is  easily  found 
by  trying  where  the  finger  must  be  laid  to  bring  out  the  first  upper 
partial  clearly  and  purely  on  striking  the  finger- key. 

If  the  string  is  struck  at  ^  its  length,  the  third,  sixth,  ninth, 
&C.  partials  vanish.  This  also  gives  a  certain  amount  of  hollow- 
ness,  but  less  that  when  the  string  is  struck  in  its  middle.  When 
the  point  of  excitement  approaches  the  end  of  the  string,  the  pro- 
minence of  the  higher  upper  partials  is  favoured  at  the  expense  of 
the  prime  and  lower  upper  partial  tones,  and  the  sound  of  the 
string  is  empty  and  tinkling. 

In  pianofortes,  the  point  struck  is  about  7^7  ^^®  length  of 
the  string  from  its  extremity,  for  the  middle  part  of  the  instru- 
ment. We  must  therefore  assume  that  this  place  has  been  chosen 
because  experience  has  shewn  it  to  give  the  finest  musical  tone, 
which  is  most  suitable  for  harmonies.  The  selection  is  not  due  to 
theory.  It  results  from  attempts  to  meet  the  requirements  of 
artistically  trained  ears,  and  from  the  technical  experience  of  two 
centuries.  This  gives  particular  interest  to  the  investigation  of 
the  composition  of  musical  tones  for  this  point  of  excitement.  An 
essential  advantage  in  the  choice  of  this  position  seems  to  be  that 
the  seventh  and  ninth  partial  tones  disappear  or  at  least  become 
very  weak.  These  are  the  first  in  the  series  of  partial  tones  which 
do  not  belong  to  the  major  chord  of  the  prime  tone.  Up  to  the 
sixth  partial  we  have  only  Octaves,  Fifths,  and  major  Thirds  of  the 
prime  tone ;  the  seventh  is  nearly  a  minor  Seventh,  the  ninth  a 
major  Second  of  the  prime.  Hence  tiiesewill  not  fit  into  the 
major  chord.     Experiments  on  pianofortes  shew  that  when  the 


Chap.  V.  MUSICAL  TONES  OF  STRINGS.  125 

sfcring  is  strucjc  by  the  hammer  and  touched  at  its  nodes,  it  is  easy 
to  bring  out  the  six  first  partial  tones  (at  least  on  the  strings  of 
the  middle  and  lower  Octaves),  but  that  it  is  either  not  possible  to 
bring  out  the  seventh,  eighth,  and  ninth  at  all,  or  that  we  obtain 
at  best  very  weak  and  imperfect  results.  The  difficulty  here  is 
not  occasioned  by  the  incapacity  of  the  string  to  form  such  short 
vibrating  sections,  for  if  instead  of  striking  the  digital  we  pluck 
the  string  nearer  to  its  end,  and  damp  the  corresponding  nodes, 
the  seventh,  eighth,  ninth,  nay  even  the  tenth  and  eleventh 
partial  may  be  clearly  and  brightly  produced.  It  is  only  in 
the  upper  Octaves  that  the  strings  are  too  short  and  stiff  to  form 
the  high  upper  partial  tones.  For  these,  several  instnunent- 
makers  place  the  striking  point  nearer  to  the  extremity,  and 
thus  obtain  a  brighter  and  more  penetrating  tone.  The  upper 
partials  of  these  strings,  which  their  stiffness  renders  it  difficult  to 
bring  out,  are  thus  favoured  as  against  the  prime  tone.  A 
similarly  brighter  tone,  but  at  the  same  time  a  thinner  and 
canptier  one,  can  be  obtained  from  the  lower  strings  by  placing  a 
bridge  nearer  the  striking  point,  so  that  the  hammer  falls  at  a 
point  less  than  \  of  the  effective  length  of  the  string  from  its 
extremity. 

While  on  the  one  hand  the  tone  can  be  rendered  more  tinkling, 
shrill,  and  acute,  by  striking  the  string  with  hard  bodies,  on  the 
other  hand  it  can  be  rendered  duller  or  more  obtuse,  that  is,  the 
prime  tone  may  be  made  to  outweigh  the  upper  partials,  by 
striking  it  with  a  soft  and  heavy  hammer,  as,  for  example,  a  little 
iron  hammer  covered  with  a  thick  sheet  of  india-rubber.  The 
strings  of  the  lower  Octaves  then  produce  a  much  fuller  but  duller 
tone.  To  compare  the  different  qualities  of  tone  thus  produced 
by  using  hanmiers  of  different  constructions,  care  must  be  taken 
always  to  strike  the  string  at  the  same  distuice  from  the  end  as  it 
is  struck  by  the  proper  hammer  of  the  instnunent,  as  otherwise 
the  results  would  be  mixed  up  with  the  effects  depending  on  alter- 
ing the  striking  point.  These  circumstances  are  of  course  well 
known  to  the  instrument-makers,  because  they  have  themselves 
selected  heavier  and  softer  hammers  for  the  lower,  and  lighter  and 
harder  for  the  upper  Octaves.  But  when  we  see  that  they  have 
not  given  more  than  a  certain  weight  to  the  hammers  and 
have  not  increased  it  sufficiently  to  reduce  the  intensity  of  the 
apper  partial  tones  still  further,  we  feel  convinced  that  a  musically 
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trained  ear  prefers  that  an  instrument  to  be  used  for  rich  combi- 
nations of  harmony  should  possess  a  quality  of  tone  which  contains 
upper  partials  with  a  certain  amount  of  strength.  In  this  respect 
the  composition  of  the  tones  of  pianoforte  strings  is  of  great 
interest  for  the  whole  theory  of  music.  In  no  other  instrument  is 
there  so  wide  a  field  for  alteration  of  quality  of  tone  ;  in  no  other, 
then,  was  a  musical  ear  so  unfettered  in  the  choice  of  a  tone  that 
would  meet  its  wishes. 

As  I  have  already  observed,  the  middle  and  lower  Octaves  of 
pianoforte  strings  generally  allow  the  six  first  partial  tones  to  be 
clearly  produced  by  striking  the  digital,  and  the  three  first  of  them 
are  strong,  the  fifth  and  sixth  distinct,  but  much  weaker.  The 
seventh,  eighth,  and  ninth  are  eliminated  by  the  position  of  the 
striking  point.  Those  higher  than  the  ninth  are  always  very  weak* 
For  closer  comparison  I  subjoin  a  table  in  which  the  intensities  of 
the  partial  tones  of  a  string  for  different  methods  of  striking  have 
been  theoretically  calculated  firom  the  formulae  developed  in  the 
Appendix  V.  The  effect  of  the  stroke  of  a  hammer  depends  on 
the  time  for  which  it  touches  the  string.  This  time  is  given  in 
the  table  in  fractions  of  the  periodic  time  of  the  prime  tone.  To 
this  is  added  a  calculation  for  strings  plucked  by  the  finger.  The 
striking  point  is  always  assumed  at  \  of  the  length  of  the  string 
from  its  extremity* 
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Striking  point  at  1^  of  the  length 

Stmck  l^  a  hammer  which  touchee  the  string  for 

Nnmberof 

the  Partial 

Tone 

Ezdtedbj 
PlucUng 

7 

Oft 

le  periodic  tim 
if 

e  of  the  prime 

tone 

Struck  by  a 

perfect  hard 

Hammer 

1 

100 

100 

100 

100 

100 

100 

2 

81-2 

99-7 

189-4 

249 

286-7 

824-7 

8 

661 

89 

107-9 

242-9 

867-0 

604-9 

4 

31-6 

2-3 

17-3 

118-9 

2698 

604-9 

6 

13 

1-2 

0 

261 

108-4 

3247 

6 

2-8 

001 

0-5 

1-3 

18-8 

100-0 

7 

0 

0 

0 

0 

0 

0 

For  easier  comparison  the  intensity  of  the  prime  tone  has 
been  throughout  assumed  as  100.  I  have  compared  the  calculated 
intensity  of  the  upper  partials  with  their  loudness  on  the  grand 
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pianoforte  already  mentioned,  and  found   that  the  first  series, 

under  -S-,  suits  for  about  the  region  of  d'.     In  higher  parts  of  the 

instrument  the  upper  partials  were  much  weaker  than  in  this 

column.     On  striking  the  digital  for  ii\  I  obtained  a  powerful 

second  partial  and  an  almost  inaudible  third.    The  second  column 

marked  -^  corresponded  nearly  to  the  region  of  ^,  the  second  and 

third  partials  were  very  strong,  the  fourth  partial  was  weak.     The 

third  colunm,  inscribed  ^,  corresponds  with  the  deeper  tones  from 

</  downwards ;  here  the  four  first  partials  are  strong,  and  the  fifth 

weaker.     In  the  next  column,  under  ^,  the  third  partial  tone  is 

stronger  than  the  second  ;  there  was  no  corresponding  note  on  the 

pianoforte  which  I  examined.     With  a  perfectly  hard  hammer 

the  third  and  fourth  partials  have  the  same  strength,  and  are 

stronger  than  all  the  others.     It  results  from  the  calculations  in 

the  above  table,  that  pianoforte  tones  in  the  middle  and  lower 

octaves  have  their  fundamental  tone  weaker  than  the  first,  or  even 

than  the  two  first  upper  partials.     This  can  also  be  confirmed  by 

a  comparison  with  the  effects  of  plucked  strings.    For  the  latter  the 

second  partial  is  weaker  than  the  first ;  and  it  will  be  found  that 

the  prime  tone  is  much  more  distinct  in  the  tones  of  the  strings 

when  plucked  by  the  finger,  than  when  struck  by  the  hammer. 

Although,  as  is  shewn  by  the  mechanism  of  the  upper  Octaves 
on  pianofortes,  it  is  possible  to  produce  a  compound  tone  in  which 
the  prime  is  predominant,  makers  have  preferred  arranging  the 
method  of  striking  the  lower  strings  in  such  a  way  as  to  preserve 
the  five  or  six  first  partials  distinctly,  and  to  give  the  second  and 
third  greater  intensity  than  the  prime. 

Thirdly,  as  regards  the  thickness  and  material  of  the  strirngs. 
Very  rigid  strings  will  not  form  any  very  high  upper  partials, 
because  they  cannot  readily  assiune  inflections  in  opposite  direc- 
tions within  very  short  sections.  This  is  easily  observed  by  stretch- 
ing two  strings  of  different  thicknesses  on  a  monochord  and 
endeavouring  to  produce  their  high  upper  partial  tones.  We 
always  succeed  much  better  with  the  thinner  than  with  the  thicker 
string.  To  produce  very  high  upper  partial  tones,  it  is  preferable 
to  use  strings  of  extremely  fine  wire,  such  as  gold  lace  makers 
employ,  and  when  they  are  excited  in  a  suitable  manner,  as  for 
example  by  plucking  or  striking  with  a  metal  point,  these  high 
upper  partials  may  be  heard  in  the  compound  itself.  The  numer- 
ous high  upper  partials  which  lie  close  to  each  other  in  the  scale. 
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give  that  peculiar  high  inhannonioua  noise  which  we  are  accus- 
tomed to  call  ^  tinkling.'  From  the  eighth  partial  tone  upwards 
these  simple  tones  are  less  than  a  whole  Tone  apart,  and  from  the 
fifteenth  upwards  less  than  a  Semitone.  They  consequently  form 
a  series  of  dissonant  tones.  On  a  string  of  the  finest  iron  wire, 
such  as  is  used  in  the  manu£Etcture  of  artificial  flowers,  700  centi- 
metres (22*97  feet)  long,  I  was  able  to  isolate  the  eighteenth 
partial  tone.  The  peculiarity  of  the  tones  of  the  zither  depends 
on  the  presence  of  these  tinkling  upper  partials,  but  the  series 
does  not  extend  so  far  as  that  just  mentioned,  because  the  strings 
are  shorter. 

Strings  of  gut  are  much  lighter  than  metal  strings  of  the  same 
compactness,  and  hence  produce  higher  partial  tones.  The  differ- 
ence of  their  musical  quality  depends  partly  on  this  circumstance 
and  partly  on  the  inferior  elasticity  of  the  gut,  which  damps  their 
partials,  especially  their  higher  partials,  much  more  rapidly.  The 
tone  of  plucked  cat-gut  strings  {guUa/r,  harp)  is  consequently 
much  less  tinkling  than  that  of  metal  strings. 

4.  Musical  Tones  of  Bowed  Instruments. 

No  complete  mechanical  theory  can  yet  be  given  for  the  motion 
of  strings  excited  by  the  violin-bow,  because  the  mode  in  which 
the  bow  affects  the  motion  of  the  string  is  unknown.  But  by 
applying  a  peculiar  method  of  observation,  proposed  in  its  essential 
features  by  the  French  physicist  LissajovSj  I  have  found  it  possible 
to  observe  the  vibrational  fonn  of  individual  points  in  a  violin 
string,  and  from  this  observed  form,  which  is  comparatively  very 
simple,  to  calculate  the  whole  motion  of  the  striug  and  the  in- 
tensity of  the  upper  partial  tones. 

Look  through  a  hand  magnifying  glass  consisting  of  a  strong 
convex  lens,  at  any  small  bright  object,  as  a  grain  of  starch 
reflecting  a  flame,  and  appearing  as  a  fine  point  of  light.  Move 
the  lens  about  while  the  point  of  light  remains  at  rest,  and  the 
point  itself  will  appear  to  move.  In  the  apparatus  I  have  em- 
ployed, which  is  shewn  in  fig.  22  (p.  129),  this  lens  is  fastened  to 
the  end  of  one  prong  of  the  tuning-fork  G-,  and  marked  L.  It  is 
in  fact  a  combination  of  two  achromatic  lenses,  like  those  used 
for  the  object  glasses  of  microscopes.  These  two  lenses  may  be 
used  alone  as  a  doublet,  or  be  combined  with  others.  When  more 
magnifying  power  is  required,  we  can  introduce  behind  the  metal 
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plate  AA,  which  carries  the  fork,  the  tube  and  eje-piece  of  a  micro- 
Bcope,  of  which  the  doublet  then  forms  the  objeot^lass.  This 
instrument  may  be  called  a  vibration  microscope.  When  it  ia  ao 
arranged  that  a  fixed  luminous  point  ma;  be  clearly  seen  through 
it,  and  the  fork  is  set  in  vibration,  the  doublet  L  moves  periodi- 
cally up  and  down  in  pendular  vibrations.  The  observer,  however. 


Fra.  as. 


appears  to  see  the  luminous  point  itself  vibrate,  and,  since  the 
separate  vibrations  sucoeed  each  other  so  rapidly  that  the  impres- 
sion on  the  eye  cannot  die  away  during  the  time  of  a  whole  vibrar 
tion,  the  path  of  the  luminous  point  appears  as  a  fixed  straight 
line,  increasing  in  length  with  the  excursions  of  the  fork.' 

■  The  end  of  ths  othpr  prong  of  the  fork  ia  tbickaned  to  coimterbalancfl  tli«  weight 
0*  tb«  donblel.    The  iton  loop  B  which  is  clamped  on  to  one  pioi^  ■bttbb  to  altar 
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The  grain  of  starch  which  reflects  the  light  to  be  seen,  is  then 
fastened  to  the  resonant  body  whose  vibrations  we  intend  to  ob- 
serve, in  such  a  way  that  the  grain  moves  backwards  and  forwards 
horizontally,  while  the  doublet  moves  up  and  down  vertically. 
When  both  motions  take  place  at  once,  the  observer  sees  the  real 
horizontal  motion  of  the  limiinous  point  combined  with  its  appa- 
rent vertical  motion,  and  the  combination  results  in  an  apparent 
curvilinear  motion.  The  field  of  vision  in  the  microscope  then 
shews  an  apparently  steady  and  unchangeable  bright  curve,  when 
either  the  periodic  times  of  the  vibrations  of  the  grain  of  starch 
and  of  the  tuning  fork  are  exactly  equal,  or  one  is  exactly  two  or 
three  or  four  times  as  great  as  the  other,  because  in  this  case  the 
luminous  point  passes  over  exactly  the  same  path  every  one  or 
every  two,  three,  or  four  vibrations.  If  these  ratios  of  the  vibra- 
tional numbers  are  not' exactly  perfect,  the  curves  alter  slowly,  and 
the  effect  to  the  eye  is  as  if  they  were  drawn  on  the  surface  of  a 
transparent  cylinder  which  slowly  revolved  on  its  axis.  This  slow 
displacement  of  the  apparent  ciurves  is  not  disadvantageous,  as  it 
allows  the  observer  to  see  them  in  different  positions.  But  if  the 
ratio  of  the  vibrational  nimibers  of  the  observed  body  and  the  fork 
differs  too  much  from  one  expressible  by  small  whole  numbers,  the 
motion  of  the  curve  is  too  rapid  for  the  eye  to  follow  it,  and  all 
becomes  confusion. 

If  the  vibration  microscope  has  to  be  used  for  observing  the 
motion  of  a  violin  string,  the  luminous  point  must  be  attached  to 
that  string.  This  is  done  by  first  marking  the  required  spot  on 
the  string  with  ink,  and,  when  it  is  dry,  rubbing  it  over  with 
wax,  and  powdering  this  with  starch  so  that  two  or  three  grains 
remain  sticking.  The  violin  is  then  fixed  with  its  strings  in  a 
vertical  direction  opposite  the  microscope,  so  that  the  luminous 
reflection  from  one  of  the  grains  of  starch  can  be  clearly  seen.  The 
bow  is  drawn  across  the  strings  in  a  direction  parallel  to  the 
prongs  of  the  fork.  Every  point  in  the  string  then  moves  horizon- 
tally, and  on  setting  the  fork  in  motion  at  the  same  time,  the 
observer  sees  the  peculiar  vibrational  curves  already  mentioned. 
For  the  purposes  of  observation  I  used  the  a!  string,  which  I  tuned 

the  pitch  of  the  fork  slighty ;  we  flatten  the  pitch  by  moving  it  towards  the  end  of  the 
prong.  £  is  an  electro-magnet  by  which  the  fork  is  kept  in  constant  nniform  Tibmtion 
on  passing  intermittent  electrical  currents  through  its  wire  coils,  as  will  be  described 
more  in  detail  in  Chapter  VI. 
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a  little  higher,  as  b^\}j  so  that  it  was  exactly  two  Octaves  higher 
than  the  tuning  fork  of  the  microscope,  which  sounded  Bt>. 

In  fig.  23  are  shewn  the  resulting  vibrational  curves  as 
seen  in  the  vibration  microscope.  The  straight  horizontal  lines 
in  the  figures,  ato  a,  btob,  ctoc,  shew  the  apparent  path  of 
the  observed  luminous  point,  before  it  had  itself  been  set  in 
vibration ;  the  curves  and  zigzags  in  the  same  figures,  shew  the 
path  of  the  limiinous  point  when  it  also  was  made  to  move.  By 
their  side,  in  A,  B,  G,  the  same  vibrational  forms  are  exhibited 
according  to  the  methods  used  in  Chapters  I.  and  II.,  the  lengths 
of  the  horizontal  line  being  directly  proportional  to  the  corre- 
sponding lengths  of  timej  whereas  in  figures  atoa,btob,  ctoc, 
the  horizontal  lengths  are  proportional  to  the  eoccuraiana  of  the 
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vibrating  microscope.  A,  and  a  to  a,  shew  the  vibrational  curves 
for  a  toning  fork,  that  is  for  a  simple  pendular  vibration  ;  B  and 
b  to  b  those  of  the  middle  of  a  violin  string  in  imison  with  the 
fork  of  the  vibration  microscope ;  C  and  c,  c,  those  for  a  string 
which  was  tuned  an  octave  higher.  We  may  imagine  the  figures 
a  to  a,  b  to  b,  and  c  to  c,  to  be  formed  from  the  figures  A,  B,  C, 
by  supposing  the  surfiice  on  which  these  are  drawn  to  be  wrapped 
round  a  transparent  cylinder  whose  circumference  is  of  the  same 
length  as  the  horizontal  line.  The  curve  drawn  upon  the  surface 
of  the  cylinder  must  then  be  observed  from  such  a  point,  that  the 

X  2 
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horizontal  line  which  when  wrapped  round  the  cylinder  forms  a 
circle,  appears  perspectively  as  a  single  straight  line.  The  vibra- 
tional curve  A  will  then  appear  in  the  forms  a  to  a,  B  in  the 
forms  b  to  b,  C  in  the  forms  c  to  c,  according  to  the  angular  state 
of  the  cylinder.  When  the  pitch  of  the  two  vibrating  bodies  is 
not  in  an  exact  harmonic  ratio,  tliis  imaginary  cylinder  on  which 
the  vibrational  curves  are  drawn,  appears  to  revolve  so  that  the 
forms  a  to  a,  &c.,  are  assumed  in  succession. 

It  is  now  easy  to  rediscover  the  forms  A,  B,  C,  from  the  forms 
a  to  a,  b  to  b,  and  o  to  c,  and  as  the  former  give  a  more  intel- 
ligible image  of  the  motion  of  the  string  than  the  latter,  the 
curves,  which  are  seen  as  if  they  were  traced  on  the  surfiEu^e  of  a 
cylinder,  will  be  drawn  as  if  their  trace  had  been  unrolled  from  the 
cylinder  into  a  plane  figure  like  A,  B,  C.  The  meaning  of  our 
vibrational  curves  will  then  precisely  correspond  to  the  similar 
curves  in  preceding  chapters.  When  four  vibrations  of  the  violin 
string  correspond  to  one  vibration  of  the  forte  (as  in  our  experi- 
ments, where  the  fork  gave  JSt>  and  the  string  6't>5  ?•  131  top),  so 
that  four  waves  seem  to  be  traced  on  the  sinrface  of  the  imaginary 
cylinder,  and  when  moreover  they  are  made  to  rotate  slowly  and 
are  thus  viewed  in  different  positions,  it  is  not  at  all  difficult  to 
draw  them  from  immediate  inspection  as  if  they  had  been  rolled 
off  on  to  a  plane,  for  the  middle  jags  have  then  nearly  the  same 
appearance  on  the  cylinder  as  if  they  were  traced  on  a  plane. 

The  figures  23  B  and  23  C  (p.  131),  give  the  direct  vibrational 
forms  for  the  middle  of  a  violin  string,  when  the  bow  bites  well, 
and  the  prime  tone  of  the  string  is  fully  and  powerfully  produced. 
It  is  easily  seen  that  these  vibrational  forms  are  essentially  different 
from  that  of  a  simple  vibration.  When  the  point  is  taken  nearer 
the  ends  of  the  string  the  vibrational  figure  is  shewn  in  fig.  24,  A, 
and  the  two  sections  a/S,  /37,  of  any  wave,  are  to  one  another 
as  the  two  sections  of  the  string  which  lie  on  either  side  of  the 
observed  point.     In  the  figure  this  ratio  is  3  ;  1,  the  point  being 

Fio.  24. 
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at  I  the  length  of  the  string  from  its  extremity.     Close  to  the  end 
of  the  string  the  form  is  as  in  fig.  24,  B.    The  short  lengths  of 
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line  in  the  figure  have  been  made  faint  because  the  corresponding 
motion  of  the  luminous  point  is  so  rapid  that  it  often  becomes 
invisible,  and  the  thicker  lengths  are  alone  seen. 

These  figures  shew  that  every  point  of  the  string  between  its 
two  extremities  vibrates  with  a  constant  velocity.  For  the  middle 
point,  the  velocity  of  ascent  is  equal  to  that  of  descent.  If  the 
violin  bow  is  used  near  the  right  end  of  the  string  descending,  the 
velocity  of  descent  on  the  right  half  of  the  string  is  less  than  that 
of  ascent,  and  the  more  so  the  nearer  to  the  end.  On  the  left 
half  of  the  string  the  converse  takes  place.  At  the  place  of  bowing 
the  velocity  of  descent  appears  to  be  equal  to  that  of  the  violin 
bow.  During  the  greater  part  of  each  vibration  the  string  here 
clings  to  the  bow,  and  is  carried  on  by  it ;  then  it  suddenly 
detaches  itself  and  rebounds,  whereupon  it  is  seized  by  other  points 
m  the  bow  and  again  carried  forward.' 

Our  present  purpose  is  chiefly  to  determine  the  upper  partial 
tones.  The  vibrational  forms  of  the  individual  points  of  the  string 
being  known,  the  intensity  of  each  of  the  partial  tones  can  be  com- 
pletely calculated.  The  necessary  mathematical  formulae  are 
developed  in  Appendix  VI.  The  following  is  the  result  of  the 
calculation.  When  a  string  excited  by  a  violin  bow  speaks  well, 
all  the  upper  partial  tones  which  can  be  formed  by  a  string  of  its 
d^;ree  of  rigidity,  are  present,  and  their  intensity  diminishes  as 
their  pitch  increases.  The  amplitude  and  the  intensity  of  the 
second  partial  is  one-fourth  of  that  of  the  prime  tone,  that  of  the 
third  partial  a  ninth,  that  of  the  fourth  a  sixteenth,  and  so  on. 
This  18  the  same  scale  of  intensity  as  for  the  partial  tones  of  a 
string  plucked  in  its  middle,  with  this  exception,  that  in  the  latter 
case  the  even  partials  all  disappear,  whereas  they  are  now  all 
present.  The  upper  partials  in  the  compound  tone  of  a  violin  are 
heard  easily  and  will  be  found  to  be  strong  in  sound  if  they  have 
been  first  produced  as  so-called  harmonics  on  the  string,  by 
bowing  lightly  while  gently  touching  a  node  of  the  required  par- 
tial tone.  The  strings  of  a  violin  will  allow  the  harmonics  to  be 
prodnoed  as  high  as  the  sixth  partial  tone  with  ease,  and  with 
some  difiiculty  even  up  to  the  tenth.  The  lower  tones  speak  best 
when  the  string  is  bowed  at  from  one-tenth  to  one-twelfth  the 
length  of  the  vibrating  portion  of  the  string  from  its  extremity. 

'  These  &ctB  Buffice  to  determine  the  complete  motion  of  bowed  strings.    See 
Appendix  Ko.  VX 
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For  the  higher  harmonics  where  the  sections  are  smaller,  the 
strings  must  be  bowed  at  about  one-fouith  or  one-sixth  of  their 
vibrating  length  from  the  end.  • 

The  prime  in  the  compound  tones  of  bowed  instruments  is 
comparatively  more  powerful  than  in  those  produced  on  a  piano- 
forte or  guitar  by  striking  or  plucking  the  strings  near  to  their 
extremities;  the  first  upper  partials  are  comparatively  weaker;  but 
the  higher  upper  partials  from  the  sixth  to  about  the  tenth,  are 
much  more  distinct,  and  give  these  tones  their  cutting  character. 

The  fundamental  form  of  the  vibrations  of  a  violin  string  just 
described,  is,  when  the  string  speaks  well,  tolerably  independent 
of  the  place  of  bowing,  at  least  in  all  essential  features.  It  does 
not  in  any  respect  alter  like  the  vibrational  form  of  struck  or 
plucked  strings  according  to  the  position  of  the  point  excited. 
Yet  there  are  certain  observable  differences  of  the  vibrational 
figure  which  depend  upon  the  bowing  point.  Little  crumples  are 
usually  perceived  on  the  lines  of  the  vibrational  figure,  as  in  fig.  25, 

Fio.  26. 


which  increase  in  breadth  and  height  the  further  the  bow  is 
removed  from  the  extremity  of  the  string.  When  we  bow  at  a 
node  of  one  of  the  higher  upper  partials  which  is  near  the  bridge, 
these  cnunples  are  simply  reduced  to  the  absence  of  that  part  of 
the  normal  motion  of  the  string  which  depends  on  the  partial 
tones  having  a  node  at  that  place.  When  the  observation  on  the 
vibrational  form  is  made  at  one  of  the  other  nodes  belonging  to 
the  deepest  tone  produced,  none  of  these  cnunples  are  seen.  Thus 
if  the  string  is  bowed  at  one-seventh,  or  six-sevenths,  or  five-sevenths, 
or  four-sevenths,  &c.,  its  length  from  the  bridge,  the  vibrational 
figure  is  simple,  as  in  fig.  24  (p.  132).  But  if  we  observe  between 
two  nodes,  the  crumples  appear  as  in  fig.  25.  Variations'  in 
the  quality  of  tone  partly  depend  upon  this  condition.  When 
the  violin  bow  is  brought  too  near  the  finger  board,  the  end  of 
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which  is  one-fifth  the  length  of  the  string  from  the  bridge,  the 
fifth  or  sixth  partial  tone,  which  is  generally  distinctly  audible,  will 
be  absent.  The  tone  is  thus  rendered  duller.  The  usual  place  of 
bowing  is  at  about  one-tenth  of  the  length  of  the  string,  for  piano 
passages  it  is  somewhat  further  from  the  bridge  and  for  forte 
somewhat  nearer  to  it.  If  the  bow  is  brought  near  the  bridge, 
and  at  the  same  time  but  lightly  pressed,  another  alteration  of 
quality  occurs,  which  is  readily  seen  on  the  vibrational  figure.  It 
consists  of  a  mixture  of  the  prime  tone  and  first  harmonic  of  the 
string.  By  light  and  rapid  bowing,  namely  at  about  one-twentieth 
of  the  length  of  the  string  from  the  bridge,  we  sometimes  obtain 
the  upper  Octave  of  the  prime  tone  by  itself,  a  node  being  formed 
in  the  middle  of  the  string.  On  bowing  more  firmly  the  prime 
tone  immediately  sounds.  Intermediately  the  higher  Octave  may 
mix  with  it  in  any  proportion.  This  is  immediately  recognised  in 
the  vibrational  figure.     Fig.  26  gives  the  corresponding  series  of 
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forms.  It  is  seen  how  a  fresh  crest  appears  on  the  longer  side  of 
the  front  of  a  wave,  jutting  out  at  first  slightly,  then  more 
strongly,  till  at  length  the  crest  of  the  new  waves  are  as  high  as 
those  of  the  old,  and  then  the  vibrational  number  has  doubled, 
and  the  pitch  has  passed  into  the  Octave  above.  The  quality  of 
the  lowest  tone  of  the  string  is  rendered  softer  and  brighter,  but 
less  fiill  and  powerfid  when  the  intermixture  commences.  It  is 
interesting  to  observe  the  vibrational  figure  while  little  changes 
are  made  in  the  style  of  bowing,  and  note  how  the  resulting  slight 
changes  of  quality  are  immediately  rendered  evident  by  very 
distinct  changes  in  the  vibrational  figure  itself. 

The  vibrational  forms  just  described  may  be  maintained  in  a 
tmiformly  steady  and  unchanged  condition  by  carefully  uniform 
bowing.  The  instnmient  has  then  an  uninterrupted  and  pure 
musical  quality  of  tone.  Any  scratching  of  the  bow  is  immediately 
shewn   by   sudden  jumps,   or  discontinuous   displacements  and 
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changes  in  the  vibrational  figure.  If  the  scratching  continues, 
the  eye  has  no  longer  time  to  perceive  a  regular  figure.  The 
scratching  noises  of  a  violin  bow  must  therefore  be  regarded  as 
irregular  interruptions  of  the  normal  vibrations  of  the  string, 
making  them  to  reconmience  from  a  new  starting  point.  Sudden 
jumps  in  the  vibrational  figure  betray  every  little  stumble  of  the 
bow  which  the  ear  alone  would  scarcely  observe.  Inferior  bowed 
instnmients  seem  to  be  distinguished  from  good  ones  by  the 
frequency  of  such  greater  or  smaller  irregularities  of  vibration. 
On  the  string  of  a  monochord,  which  was  only  used  for  the  occasion 
as  a  bowed  instrument,  great  neatness  of  bowing  was  required  to 
preserve  a  steady  vibrational  figure  for  sufficient  time  for  the  eye 
to  apprehend  it ;  and  the  tone  was  rough  in  quality,  accompanied 
by  much  scratching.  With  a  very  good  modem  violin  made  by 
Bausch  it  was  easier  to  maintain  the  steadiness  of  the  vibrational 
figure  for  some  time ;  but  I  succeeded  much  better  with  an  old 
Italian  violin  of  Guadanini,  which  was  the  first  one  on  which  I 
could  keep  the  vibrational  figure  steady  enough  to  count  the 
crumples.  This  great  uniformity  of  vibration  is  evidently  the 
reason  of  the  purer  tone  of  these  old  instruments,  since  every  little 
irregularity  is  immediately  felt  by  the  ear  as  a  roughness  or 
scratchiness  in  the  quality  of  tone. 

An  appropriate  structure  of  the  instrument,  and  wood  of  the 
most  perfect  elasticity  procurable,  are  probably  the  important 
conditions  for  regular  vibrations  of  the  string,  and  when  these  are 
present,  the  bow  can  be  easily  made  to  work  uniformly.  This 
allows  of  a  pure  flow  of  tone,  undisfigured  by  any  roughness.  On 
the  other  hand,  when  the  vibrations  are  so  imiform  the  string  can 
be  more  vigorously  attacked  with  the  bow.  Q-ood  instruments 
consequently  allow  of  a  much  more  powerful  motion  of  the  string, 
and  the  whole  intensity  of  their  tone  can  be  communicated  to  the 
air  without  diminution,  whereas  the  friction  caused  by  any  imper- 
fection in  the  elasticity  of  the  wood  destroys  part  of  the  motion. 
Much  of  the  advantages  of  old  violins  may,  however,  also  depend 
upon  their  age,  and  especially  their  long  use,  both  of  which  can- 
not but  act  favourably  on  the  elasticity  of  the  wood.  But  the  art 
of  bowing  is  evidently  the  most  important  condition  of  all.  How 
delicately  this  must  be  cultivated  to  obtain  certainty  in  producing 
a  very  perfect  quality  of  tone  and  its  difierent  varieties,  cannot  be 
more  clearly  demonstrated  than  by  the  observation  of  vibrational 
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figures.  It  is  also  well  known  that  great  players  can  bring  out 
fiill  tones  from  even  indifferent  instruments. 

The  preceding  observations  and  conclusions  refer  to  the  vibra- 
tions of  the  strings  of  the  instrument  and  the  intensity  of  their 
upper  partial  tones  solely  in  so  far  as  they  are  contained  in  the 
compound  vibrational  movement  of  the  string.  But  partial  tones 
of  different  pitches  are  not  equally  well  communicated  to  the  air, 
and  hence  do  not  strike  the  ear  of  the  listener  with  precisely  the 
same  degrees  of  intensity  as  those  they  possess  on  the  string  itself* 
They  are  commimicated  to  the  air  by  means  of  the  sonorous  body 
of  the  instrument.  As  we  have  had  already  occasion  to  remark, 
vibrating  strings  do  not  directly  communicate  any  sensible  portion 
of  their  motion  to  the  air.  The  vibrating  strings  of  the  violin,  in 
the  first  place,  agitate  the  bridge  over  which  they  are  stretched. 
This  stands  on  two  feet  over  the  most  mobile  part  of  the  '  belly ' 
between  the  two  */  holes.'  One  foot  of  the  bridge  rests  upon 
a  comparatively  firm  support,  namely,  the  '  sound  post,'  which  is 
a  solid  rod  inserted  between  the  two  plates,  back  and  belly,  of  the 
instrument.  It  is  only  the  other  leg  which  agitates  the  elastic 
wooden  plates,  and  through  them  the  included  mass  of  air. 

An  inclosed  mass  of  air,  like  that  of  the  violin,  viola,  and  vio- 
loncello, bounded  by  elastic  plates,  has  certain  proper  tones  which 
may  be  evoked  by  blowing  across  the  openings,  or  '/  holes.'  The 
violin  thus  treated  gives  cf  according  to  Savart,  who  examined 
instruments  made  by  Stradivario  (Straduarius).  Zamminer  found 
the  same  tone  constant  on  even  imperfect  instnmients.  For  the 
violoncello  Savart  found  on  blowing  over  the  holes,  F,  and  Zam- 
miner G-.  According  to  Zamminer  the  sound  box  of  the  viola 
(tenor)  is  tuned  to  be  a  Tone  deeper  than  that  of  the  violin.  On 
placing  the  ear  against  the  back  of  a  violin  and  playing  a  scale  on 
the  pianoforte,  some  tones  will  be  found  to  penetrate  the  ear  with 
more  force  than  others,  owing  to  the  resonance  of  the  instrument. 
On  a  violin  made  by  Bausch  two  tones  of  greatest  resonance  were 
thus  discovered,  one  between  (/  and  (/#,  and  the  other  between 
of  and  6't>-  For  a  viola  (tenor)  I  found  the  two  tones  about 
a  Tone  deeper,  which  agrees  with  Zamminer's  calculation. 

The  consequence  of  this  peculiar  relation  of  resonance  is  that 
those  tones  of  the  strings  which  lie  near  the  proper  tones  of  the 
inclosed  body  of  air,  must  be  proportionably  more  reinforced. 
This  is  clearly  perceived  on  both  the  violin  and  violoncello,  at 
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least  for  the  lowest  proper  tone,  when  the  corresponding  notes  are 
produced  on  the  strings.  They  sound  particularly  full,  and  the 
prime  tone  of  these  compounds  is  especially  prominent.  I  think 
that  I  heard  this  also  for  o!  on  the  violin,  which  corresponds  to 
its  higher  proper  tone. 

Since  the  lowest  tone  on  the  violin  is  g^  the  only  upper  partials 
of  its  musical  tones  which  can  be  somewhat  reinforced  by  the  re- 
sonance of  the  higher  proper  tone  of  its  inclosed  body  of  air,  are 
the  higher  Octaves  of  its  three  deepest  notes.  But  the  prime 
tones  of  its  higher  notes  will  be  reinforced  more  than  their  upper 
partials,  because  these  prime  tones  are  more  nearly  of  the  same 
pitch  as  the  proper  tones  of  the  body  of  air.  This  produces  an  effect 
similar  to  that  of  the  construction  of  the  hammer  of  a  piano, 
which  favours  the  upper  partials  of  the  deep  notes,  and  weakens 
those  of  the  higher  notes.  For  the  violoncello,  where  the  lowest 
string  gives  C,  the  stronger  proper  tone  of  the  body  of  air  is,  as 
on  the  violin,  a  Fourth  or  a  Fifth  higher  than  the  pitch  of  the 
lowest  string.  There  is  consequently  a  similar  relation  between 
the  favoured  and  unfavoured  partial  tones,  but  all  of  them  are  a 
Twelfth  lower  than  on  the  violin.  On  the  other  hand,  the  most 
fftvoured  partial  tones  of  the  viola  (tenor)  corresponding  nearly 
with  h\  do  not  lie  between  the  first  and  second  strings,  but  between 
the  second  and  third ;  and  this  seems  to  be  connected  with  the 
altered  quality  of  tone  on  this  instrument.  Unfortunately  this 
influence  cannot  be  expressed  numerically.  The  maximum  of 
resonance  for  the  proper  tones  of  the  body  of  air  is  not  very 
marked  ;  were  it  otherwise  there  would  be  much  more  inequality 
in  the  scale  as  played  on  these  bowed  instnmients,  immediately 
on  passing  the  pitch  of  the  proper  tones  of  their  bodies  of  air.  We 
must  consequently  conjecture  that  their  influence  upon  the  relative 
intensity  of  the  individual  partials  in  the  musical  tones  of  these 
instruments  is  not  very  prominent. 

5.  Mtisical  Tones  of  Flute  or  Flue  Pipes* 

In  these  instruments  the  tone  is  produced  by  driving  a  stream 
>f  air  against  an  opening,  generally  furnished  with  sharp  edges,  in 
K>me  hollow  space  filled  with  air.  To  this  class  belong  the  bottles 
iescribed  in  the  last  chapter,  and  shown  in  fig.  20  (p.  102),  and 
especially  fliutes  and  the  majority  of  organ  pipes.     For  flutes,  the 
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resonant  body  of  air  is  included 
in  its  own  cylindrical  bore.  It 
is  blown  with  the  mouth,  which 
directs  the  breath  against  the 
somewhat  sharpened  edges  of 
its  mouth  hole.  The  constnic- 
tioQ  of  organ  pipes  will  be  seen 
from  the  two  adjacent  figures. 
Fig.  27,  A,  shews  a  square 
wooden  pipe,  cut  open  long- 
wise, and  B  the  external  ap- 
pearance of  a  round  tin  pipe. 
fiB  in  each  limits  the  tube 
whidi  incloses  the  resonant 
body  of  air,  a  b  the  mouth  kale 
where  it  is  blown,  termiuating 
ioasharplip.  Infig.27,A,we 
see  the  air  chamber  or  throai 
E  into  which  the  air  is  first 
driven  from  the  bellows,  and 
whence  it  can  only  escape 
throng  the  narrow  slit  c  d, 
which  directs  it  against  the 
edgeofthelip.  Thewoodenpipe- 
A  as  here  drawn  is  op«n,  that 
is  its  extremity  is  uncovered, 
and  it  produces  a  tone  with  a 
wave  of  air  twice  as  long  as 
the  tube  B  R  The  other  pipe, 
B,  is  stopped,  that  is,  its  upper 
eztxemity  is  closed.  Its  tone 
has  a  wave  four  times  the 
length  of  the  tube  R  R,  and 
hence  an  Octave  deeper  than  an 
open  pipe  of  the  same  length. 
Any  air  chamber  can  be 
made  to  give  a  musical  tone, 
just  like  organ  pipes,  fiutes, 
the  bottles  previously  de- 
scribed, the  wind- chests  of 
violins,  &c.,  provided  they  have 
a  sufficiently  narrow  opening, 
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furnished  with  somewhat  projecting  sharp  edges,  by  directing  a  thin 
flat  stream  of  air  across  the  opening  and  against  its  edges. 

These  edges  are  the  source  of  the  musical  tone  of  all  such 
instruments.  The  directed  stream  of  air  breaking  against  the 
edges,  generates  a  peculiar  hissing  or  rushing  noise,  which  is  all 
we  hear  when  the  pipe  does  not  speak,  or  when  we  blow  against  the 
edges  of  a  hole  in  a  flat  plate  instead  of  a  pipe.  The  narrower  the 
opening  and  the  stronger  the  blast,  the  higher  will  be  this  noise 
of  the  wind.  Such  a  noise,  as  we  have  already  foimd,  may  be 
considered  as  a  mixture  of  several  inharmonic  tones  of  nearly  the 
same  pitch.  When  the  air  chamber  of  the  pipe  is  brought  to  bear 
upon  these  tones  its  resonance  strengthens  such  as  correspond  with 
the  proper  tones  of  that  chamber,  and  ntiakes  them  predominate 
over  the  rest,  which  this  predominance  conceals.  Hence  in  all 
such  pipes  we  always  hear  the  tone  accompanied  more  or  less 
distinctly  by  a  rush  of  wind,  and  this  gives  a  peculiar  character 
to  its  quality.  Precisely  in  the  same  way  as  the  tones  of  the  noise 
created  by  the  wind  are  strengthened  by  resonance,  the  tone  of  a 
tuning  fork  can  be  also  reinforced  by  bringing  it  near  the  mouth 
of  the  pipe,  when  the  pitch  of  the  fork  corresponds  to  one  of  the 
proper  tones  of  the  inclosed  mass  of  air.  By  a  series  of  different 
tuning  forks,  then,  we  are  enabled  to  find  and  determine  the  proper 
tones  of  the  air  chamber  with  ease  and  certainty.*  The  character 
of  the  musical  quality  of  tone  in  such  pipes  of  course  essentially 
depends  upon  whether  or  not  the  harmonic  upper  partials  of  the 
tone  created  by  blowing,  correspond  to  the  proper  tones  of  the 
pipe  with  sufficient  accuracy,  to  admit  of  being  reinforced  at  the 
same  time  as  the  prime  tone.  It  is  only  in  narrow  cylindrical 
open  pipes,  as  flutes,  and  the  fiddle  stop  of  organs,  that  the  higher 
upper  partials  of  the  tube  exactly  correspond  with  the  harmonic 
upper  partials  of  the  prime  tone.  By  blowing  more  strongly,  and 
thus  raising  the  pitch  of  the  exciting  wind-rush  itself,  the  higher 
proper  tones  of  the  tube  can  be  made  to  speak  without  the  lower. 
A  flute  which  when  gently  blown,  with  all  its  holes  stopped, 
gives  d\  will  on  stronger  blowing  give  d!\  and  on  still 
stronger  a!'  and  d"\  that  is,  the  first  second  and  third  upper  par- 
tial tone  of  d\  Hence  for  narrow  cylindrical  pipes,  not  only  the 
prime  tone  but  also  a  series  of  its  harmonic  upper  partial  tones  are 

'  In  my  mathematical  inyestigations,  I  hare  consequently  called  these  the  tonti  of 
Mtromgut  resonance,    Crelle,  *  Journal  fiir  Mathematik/  toI.  57. 
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reinforced  by  the  resonance  of  the  tube,  when  it  is  blown  with 
sufficient  force  for  the  wind-rush  itself  to  contain  several  higher 
partial  tones.  And  in  reality  on  forcibly  blowing  the  narrow 
cylindrical  pipes  of  an  organ  (in  the  geigenprindpalj  violoncellj 
vioUnibasa^  viola  di  gamba  stops)*  we  hear  a  series  of  upper  partials 
distinctly  and  powerfully  accompany  the  prime  tone,  giving  them 
a  more  cutting  quality,  resembling  a  violin.  By  using  resonators 
I  find  that  on  narrow  pipes  of  this  kind  the  partial  tones  may  be 
clearly  heard  up  to  the  sixth.  For  wide  open  pipes,  on  the  other 
hand,  the  adjacent  proper  tones  of  the  tube  are  all  somewhat 
sharper  than  the  corresponding  harmonic  tones  of  the  prime,  and 
hence  these  tones  will  be  much  less  reinforced  by  the  resonance  of 
the  tube.  Wide  pipes,  having  larger  masses  of  vibrating  air  and 
admitting  of  being  much  more  strongly  blown  without  jumping  up 
into  an  harmonic,  are  used  for  the  great  body  of  sound  on  the 
organ,  and  are  hence  called  prmdpaUtimmen.^  For  the  above 
reasons  they  produce  the  prime  tone  alone  strongly  and  fiilly,  with 
a  much  weaker  retinue  of  secondary  tones.  For  wooden  '  prin- 
cipal '  pipes,  I  find  the  prime  tone  and  its  Octave  or  first  upper 
partial  very  distinct ;  the  Twelfth  or  second  upper  partial  is  but 
weak,  and  the  higher  upper  partials  no  longer  distinctly  perceptible. 
The  quality  of  tone  in  these  pipes  is  fiOler  and  softer  than  that  of 
the  ffeiffenprmcvpal.    When  flute  or  flue  stops  of  the  organ,  and 

*  [Geiffenprimcipal — yiolin  or  crisp-toned  diapason,  S  feet, — ^violin  principal,  4  feet. 
See  nprk,  p.  91,  note.  ViolonceUo — *  crisp-toned  open  stop,  of  small  scale,  the  Octare 
to  the  Tiolone,  8  feet.'  Violonbasa—QdB  f&ils  in  Hopkins,  bnt  it  is  probably  his 
*vi0lcne — doable  bass,  a  unison  open  wood  stop,  of  much  smaller  scale  than  the 
Diapason,  and  formed  of  pipes  that  are  a  little  wider  at  the  top  than  at  the  bottom, 
and  fiurnisbed  with  ears  and  beard  at  the  month  ;  the  tone  of  the  Violone  is  crisp  and 
reeonant,  like  that  of  the  orchestral  Double  Bass  ;  and  its  speech  being  a  little  slow, 
it  has  the  Stopped  Bass  always  drawn  with  it,  16  feet.'  Gamba  or  vM  da  gamba-^ 
*bass  YioL  unison  stop,  of  smaller  scale,  and  thinner  but  more  pungent  tone  than  the 
▼idin  diapason,  8  feet,'  one  of  the  most  highly  esteemed  and  most  frequently  disposed 
stops  in  Continental  organs ;  the  German  gamba  is  usually  composed  of  cylindrical 
pipes.'  In  England  till  very  recently  it  was  made  ezclusiydy  conical  with  a  bell  top. 
Fnni  Hop)""''  on  the  Oiyati,  pp.  116,  435,  441,  442— TVan^^i^or.] 

*  [Literally  '  principal  roices  or  parts ; '  may  probably  be  best  translated  '  principal 
work'  or  '  diapascm-work,'  including  ' aU  the  open  cylindrical  stops  of  Open  Diapason 
measuze^  or  which  have  their  scale  deduced  from  that  of  the  Open  Diapason ;  such 
«ops  are  the  chief,  most  important  or  *"  principal,**  as  they  are  also  most  numerous  in 
tt  organ.  The  Unison  and  Double  Open  Diapasons,  Principal,  Fifteenth  and  Octaye 
Fifteenth ;  the  Fifth,  Twelfth,  and  Larigot ;  the  Tenth  and  Tierce ;  and  the  Mixture 
Stops,  when  of  full  or  proportional  scale,  belong  to  the  Diapason-work.'  From 
Hopkins  on  the  Organ,  p.  109.— rrajw/o^or.] 
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the  German  flute  are  blown  softly,  the  upper  partials  lose  strength 
at  a  greater  rate  than  the  prime  tone,  and  hence  the  musical 
quality  becomes  weak  and  soft. 

Another  variety  is  observed  on  the  pipes  which  are  conically 
narrowed  at  their  upper  end,  in  the  scdicional,  gemahom,  and 
spitzflote  stops.*  Their  upper  opening  has  generally  half  the 
diameter  of  the  lower  section  ;  for  the  same  length  the  salicional 
pipe  has  the  narrowest,  and  the  spitzfiote  the  widest  section.  These 
pipes  have,  I  find,  the  property  of  rendering  some  higher  partial 
tones,  from  the  fifth  to  the  seventh,  comparatively  stronger  than  the 
lower.  The  quality  of  tone  is  consequently  poor,  but  peculiarly  bright. 

The  narrower  stopped  cylmdrical  pipes  have  proper  tones 
corresponding  to  the  uneven  partials  of  the  prime,  that  is,  the  third 
partial  or  Twelfth,  the  fifth  partial  or  higher  major  Third,  and  so 
on.  For  the  wider  stopped  pipes,  as  for  the  wide  open  pipes,  the 
next  adjacent  proper  tones  of  the  mass  of  air  are  distinctly  higher 
than  the  corresponding  upper  partials  of  the  prime,  and  con- 
sequently these  upper  partials  are  very  slightly,  if  at  all,  reinforced. 
Hence  wide  stopped  pipes,  especially  when  gently  blown,  give  the 
prime  tone  almost  alone,  and  they  were  therefore  previously  adduced 
as  examples  of  simple  tones  (p.  102).  Narrow  stopped  pipes,  on 
the  other  hand,  let  the  Twelfth  be  very  distinctly  heard  at  the  same 
time  with  the  prime  tone ;  and  have  hence  been  called  quvntaten 
{quirUam  tenentes)^  When  these  pipes  are  strongly  blown  they 
also  give  the  fifth  upper  partial,  or  higher  major  Third,  very  dis- 
tinctly. Another  variety  of  quality  is  produced  by  the  rohrfiote.^ 
Here  a  tube,  open  at  both  ends,  is  inserted  in  the  cover  of  a 

'  [Salicional — '  reedy  Double  Dulciana,  16  feet  and  8  feet,  octave  salicional,  4  feet.' 
The  Double  Dulciana  is  described  as  '  an  open  metal  cylindrical  stop,  belonging  to 
the  Flute-work,  of  small  scale  and  delicate  tone,  and  somewhat  slow  of  speech ' 
(Hopkins,  p.  113).  GerMhom,  literally  '  chamois  horn  ;*  in  Hopkins,  '  Goat-horn,  a 
unison  open  metal  stop,  more  conical  than  the  Spitz-Flote,  8  feet.'  '  A  member  of  the 
Flute-work,  and  met  with  of  8,  4,  or  2  feet  length  in  Continental  organs.  The  pipes  of 
this  stop  are  only  }  the  diameter  at  the  top  that  they  are  at  the  mouth  ;  and  the  tone 
is  consequently  light, -but  very  clear  and  travelling'  {Ibid,  p.  118).  Spitzfiote — 
'  Spire  or  taper  flute,  a  unison  open  metal  stop  formed  of  pipes  with  conical  bodies, 
8  feet.'  *  This  stop  is  found  of  8, 4,  and  2  feet  length  in. German  organs.  In  England 
it  has  hitherto  been  made  chiefly  as  a  4-feet  stop ;  i.e.  of  principal  pitch.  The  pipes 
of  the  Spitz-flute  are  slightly  conical,  being  about  \  narrower  at  top  than  at  the 
mouth,  and  the  tone  is  therefore  rather  softer  than  that  of  the  cylindrical  stop,  but  of 
very  pleasing  quality '  (Jhid,  p.  118). — Translator.^ 

•  [See  supri^  p.  60,  note. — TrandcUor."] 

'  [Rohrfiote — 'Double  Stopped  Diapason  of  metal  pipes  with  chimneys,  16  feet. 
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stopped  pipe,  and  in  the  examples  I  examined,  its  length  was  that 
of  an  open  pipe  giving  the  fifth  partial  tone  of  the  prime  tone  of 
the  stopped  pipe.  The  fifth  partial  tone  is  thus  proportionably 
stronger  than  the  rather  weak  third  partial  on  these  pipes,  and  the 
quality  of  tone  becomes  peculiarly  bright.  Compared  with  open 
pipes  the  quality  of  tone  in  stopped  pipes,  where  the  even  partial 
tones  are  absent,  is  somewhat  hollow ;  the  wider  stopped  pipes  have 
a  dull  quality  of  tone,  especially  when  deep,  and  are  soft  and 
powerless*  But  their  softness  oflFers  a  very  effective  contrast  to 
the  more  cutting  qualities  of  the  narrower  open  pipes  and  the 
noisy  compound  atopsy  of  which  I  have  already  spoken  (p.  91), 
and  which,  as  is  well  known,  form  a  compound  tone  by  imiting 
many  pipes  corresponding  to  a  prime  and  its  upper  partial  tones. 

Wooden  pipes  do  not  produce  such  a  cutting  wind  rush  as 
metal  pipes.  Wooden  sides  also  do  not  resist  the  agitation  of  the 
waves  of  sound  so  well  as  metal  ones,  and  hence  the  vibrations  of 
higher  pitch  seem  to  be  destroyed  by  friction.  For  these  reasons 
wood  gives  a  softer,  but  duller,  less  penetrating  quality  of  tone 
than  metal. 

It  is  characteristic  of  all  pipes  of  this  kind  that  they  speak 
readily,  and  hence  admit  of  great  rapidity  in  musical  divisions 
and  figures,  but,  as  a  little  increase  of  force  in  blowing  distinctly 
alters  the  pitch,  their  loudness  of  tone  can  scarcely  be  changed. 
Hence  on  the  organ  forte  and  piano  have  to  be  produced  by  stops, 
which  regulate  the  introduction  of  pipes  with  various  qualities  of 
tone,  sometimes  more,  sometimes  fewer,  now  the  loud  and  cutting, 
now  the  weak  and  soft.  The  means  of  expression  on  this  instru- 
ment are  therefore  somewhat  limited,  but,  on  the  other  hand,  it 
clearly  owes  .part  of  its  magnificent  properties  to  its  power  of  sus- 
taining tones  with  unaltered  force,  undisturbed  by  subjective 
excit^nent. 

6.  Musical  Tones  of  Reed  Pipes. 

The  mode  of  producing  the  tones  on  these  instruments  re- 
sembles that  used  for  the  siren :  the  passage  for  the  air  being 
alternately  closed  and  opened,  its  stream  is  separated  into  a  series 
of  individual  pulses.     This  is  effected  on  the  siren,  as  we  have 

B««d-fliite,  Metal  Stopped  Diapason,  with  reeds,  tubes  or  chimneys,  8  feet    Stopped 
HcUl  Plate,  with  reeds,  tubes  or  chimneys,  4  feet'  (Hopkins,  ihid.y-Trandaiar.] 
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already  seen,  by  means  of  a  rotating  disc  pierced  with  holes.  In 
reed  instruments,  elastic  plates  or  tongues  are  employed  which  are 
set  in  vibration  and  thus  alternately  close  and  open  the  aperture 
in  which  they  are  fastened.     To  these  belong — 

1.  The  reed  pipes  of  orgaTia  and  the  vibrators  of  har- 
moniums. Their  tongues,  shewn  in  perspective  in  fig.  28,  A, 
and  in  section  in  fig.  28,  B,  are  thin  oblong  metal  plates,  z  z, 
festened  to  a  brass  block,  a  a,  in  which  there  is  a  hole,  b  b,  behind 
the  tongue  and  of  the  same  shape.     When  the  tongue  is  in  its 

Fio.  28. 


) 


B 


position  of  rest,  it  closes  the  hole  completely,  with  the  exception 
of  a  very  fine  chink  all  round  its  margin.  When  in  motion  it 
oscillates  between  the  positions  marked  Zi  and  z,  in  fig.  28,  B.  In 
the  position  z^  there  is  an  aperture  for  the  stream  of  air  to  enter, 
in  the  direction  shewn  by  the  arrow,  and  this  is  closed  when  the 
tongue  has  reached  the  other  extreme  position  z,.  The  tongue 
shewn  is  a/rce  vibrator  or  anche  libre,  such  as  is  now  universally 
employed.  These  tongues  are  slightly  smaller  than  the  corre- 
sponding opening,  so  that  they  can  bend  inwards  without  touch- 
ing the  edges  of  the  hole.  Formerly,  striking  vibrators  or 
reeds  were  employed,  which  on  each  oscillation  struck  against 
their  frame.  But  as  these  produced  a  harsh  quality  of  tone  they 
have  gone  out  of  use. 

The  mode  in  which  tongues  are  fastened  in  the  reed  stops  of 
<Mrgans  is  shewn  in  fig.  29,  A  and  B  (p.  145).  A  bears  a  resonant 
cup  above ;  B  is  a  longitudinal  section ;  p  p  is  the  air  chamber 
into  which  the  wind  is  driven ;  the  tongue  1  is  fiistened  in  the 
guttur  r,  which  fits  into  the  block  s ;  d  is  the  tuning  wire,  which 
presses  against  the  tongue,  and  being  pushed  down  shortens  it  and 
hence  sharpens  its  pitch,  and,  conversely,  flattens  the  pitch  when 
pulled  up.     Slight  variations  of  pitch  are  thus  easily  produced. 
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2.  In  siinilaT  manner  are  constructed  the  tongues  of  clarinets, 
oboes,  and  bassoons,  which  are  cut  out  of  elastic  reed  plates.  The 
clarinet  has  a  single  wide  tongue  which  is  fastened  before  the  cor- 
responding opening  of  the  mouthpiece  like  the  metal  tongues  pre- 
viously described,  and  would  strike  the  frame  If  its  escursions 
were  long  enough.     But  its  exclusions  are  small,  and  the  pressure 


of  the  lips  brings  it  just  near  enough  to  make  the  chink  suf- 
ficientl;  small  without  allowing  it  to  strike.  For  tlie  oboe  and 
bassoon  two  reeds  or  tongues  of  the  same  kind  are  placed  opposite 
each  other  at  the  end  of  the  mouthpiece.     They  are  separated  by 
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a  narrow  chink,  and  by  blowing  are  pressed  near  enough  to  close 
th«  chink  whonovt-r  they  swing  inwards, 

3.  ]Ufm}>miiou»  ton/fit^ The  peculiarities  of  these  tongues 

itn>  iKtt  studied  on  those  artificially  constructed.     Cut  the  end  of 
a  wooden  or  gatta-percha  tube 
F^,  j^  obliquely  on  both  sides,  as  shewn 

^^^  in   fig.   30,   leaving    two  nearly 

^^^^M^^     rectangular  points  standing  be- 
^^^^^^^B         tween  the  two  edges  which  are 
^^^^Bm^^^^^         cut     obliquely.        Then     gently 
^^^^"^^S^^T  Btretch  strips  of  vulcanieed  india- 

■w  «^^  '■■.^^f  rubber  over  the  two  oblique  edges, 

^^^^^^  ^V  so  as  to  leave  a  small  slit  between 

^^Hite^  them,   and   fasten  them  with  a 

^  thread.     A   reed    mouthpiece   is 

thus  constructed  which  may  be 
<v«nn«rted  in  airy  way  with  tubes  or  other  air  chambers.  When  the 
mt'iabnntt  bend  inwards  the  slit  is  closed  ;  when  outwards,  it  is 
,a,^„.  Membranes  which  are  fastened  in  this  oblique  manner 
jmfsk  mnc^  better  than  those  which  are  laid  at  right  angles  to 
4lieixi«ofth«  t^^  as  Johannes  Miiller  proposed,  fgr  in  the  latter 
MM  they  require  to  be  bent  outwards  by  the  air  before  they  can 
liMin  to  open  and  shut  alternately.  Membranous  tongiies  of  the 
\inA  proposed  may  be  blown  either  in  the  direction  of  the  arrows 
or  in  the  opposite  direction.  In  the  first  case  the  slit  is  opened 
when  they  move  against  the  air-chamber,  that  is,  towards  the 
ftirtber  end  of  the  conducting  tube.  Tongues  of  this  kind  I 
distinguish  as  striking  inwards.  When  blown  they  always  give 
deeper  tones  than  they  would  do  if  allowed  to  vibrate  freely,  that 
is,  without  being  connected  with  an  air-chamber.  The  tongues 
of  organ  pipes,  harmoniums,  and  wooden  wind  instruments  nre 
always  arranged  to  strike  inwards.  But  both  membranous  and 
metal  tongues  may  be  arranged  so  as  to  act  against  the  stream 
of  air,  and  hence  to  open  when  they  move  towards  the  outer 
opening  of  the  instrument.  I  then  say  that  they  strike  out- 
wards. The  tones  of  tongues  which  strike  outwards  are  always 
sharper  than  those  of  isolated  tongues. 

Only  two  kinds  of  membranous  tongues  have  to  be  considered 
as  musical  instruments:  the  human  ^i^is  in  brass  instruments, 
and  the  human  kvrynx  in  singing. 
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The  lips  must  be  considered  as  very  slightly  elastic  membranous 
tongues,  loaded  with  much  inelastic  tissue  containing  water,  and 
they  would  consequently  vibrate  very  slowly,  if  they  could  be 
brought  to  vibrate  by  themselves.*  In  brass  instruments  they 
form  membranous  tongues  which  strike  outwards,  and  consequently 
by  the  above  rule  produce  tones  sharper  than  their  proper  tones. 
But  as  they  oflFer  very  slight  resistance,  they  are  readily  set  in 
motion,  by  the  alternate  pressure  of  the  vibrating  column  of  air, 
when  used  with  brass  instruments. 

In  the  larynx,  the  elastic  vocal  chords  act  as  membranous 
tongues.  They  are  stretched  across  from  the  windpipe,  front  to 
back,  like  the  india-rubber  strips  in  fig.  30  (p.  146),  and  leave  a 
small  slit,  the  glottis,  between  them.  They  have  the  advantage 
over  all  artificially  constructed  tongues  of  allowing  the  widtli  of 
their  slit,  their  tension,  and  even  their  form  to  be  altered  at  plea 
sure  with  extraordinary  rapidity  and  certainty,  at  the  same  time 
that  the  resonant  tube  formed  by  the  opening  of  the  mouth  ad- 
mits of  much  variety  of  form,  so  that  many  more  qualities  of  tone 
can  be  thus  produced  than  on  any  instrimient  of  artificial  con- 
struction. If  the  vocal  chords  are  examined  from  above  with  a 
laryngoscope,  while  producing  a  tone,  they  will  be  seen  to  make 
very  large  vibrations  for  the  deeper  breast  voice,  shutting  the 
glottis  tightly  whenever  they  strike  inwards. 

The  pitch  of  the  various  reeds  or  tongues  just  mentioned  is 
altered  in  very  different  manners.  The  metal  tongues  of  the 
organ  and  harvionium  are  always  intended  to  produce  one  single 
tone  apiece.  On  the  motion  of  these  comparatively  heavy  and 
stiflF  tongues,  the  pressure  of  the  vibrating  air  has  very  small 
influence,  and  their  pitch  within  the  instrument  is  consequently 
not  much  difierent  from  that  of  the  isolated  tongues.  There 
must  be  at  least  one  tongue  for  each  note  on  such  instruments. 

In  wooden  wind  instruments  a  single  tongue  has  to  serve  for 
the  whole  series  of  notes.  But  the  tongues  of  these  instruments 
are  made  of  light  elastic  wood,  which  is  easily  set  in  motion  by 
the  alternate  pressure  of  the  vibrating  coliunn  of  air,  and  swings 
sympathetically  with  it.     Such  instruments,  therefore,  in  addition 

'  [Babies  may  bo  often  heard  to  '  trill  the  lips/  and  German  coachmen  use  a  rory 
audible  lip  trill  to  stop  their  horses,  but  in  each  case  the  real  tone  is  produced  in  the 
laiynx,  and  the  vibration  of  the  lips  only  serves  to  interrupt  it ;  those  examples, 
howerer,  aUow  us  to  judge  of  the  r;ttc  of  vibnition  natural  to  the  lips, — TranaUtUjr.^ 

L  2 
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to  those  very  high  tones,  "which  nearly  correspond  to  the  proper 
tones  of  their  tongues,  can,  as  theory  and  experience  alike  shew, 
also  produce  deep  tones  of  a  very  diflferent  pitch,*  because  the 
wavea  of  air  which  arise  in  the  tube  of  the  instrument  excite  an 
alternation  in  the  pressure  of  air  adjacent  to  the  tongue  itself 
sufficiently  powerful  to  make  it  vibrate  sensibly.  Now  in  a 
vibrating  column  of  air  the  alternation  of  pressure  is  greatest 
where  tlie  velocity  of  the  particles  of  air  is  smallest ;  and  since 
the  velocity  is  always  null,  that  is  a  minimum,  at  the  end  of  a 
closed  tube,  such  as  a  stopped  organ  pipe,  and  the  alternation  of 
pressure  in  that  place  is  consequently  a  maximum,  the  tones  of 
these  reed  pipes  must  be  the  same  as  those  which  the  resonant 
tube  alone  would  produce,  if  it  were  stopped  at  the  place  where 
the  tongue  is  placed,  and  were  blown  as  a  stopped  pipe.  In  mu- 
sical practice,  then,  such  tones  of  the  instrument  as  correspond  to 
the  proper  tones  of  the  tongues  are  not  used  at  all,  because  they 
are  very  high  and  screaming,  and  tlieir  pitch  cannot  be  preserved 
with  sufficient  steadiness  when  the  tongue  is  wet.  The  only  tones 
produced  are  considerably  deeper  than  the  proper  tone  of  the 
tongue,  and  have  their  pitches  determined  by  the  length  of  the 
column  of  air,  which  corresponds  to  the  proper  tones  of  the 
stopped  pipe. 

The  clarinet  has  a  cylindrical  tube,  the  proper  tones  of  whicli 
correspond  to  the  third,  fifth,  seventh,  &c.,  partial  tone  of  the 
prime.  By  altering  the  style  of  blowing,  it  is  possible  to  pass 
from  the  prime  to  the  Twelfth  or  the  higher  major  Third.  The 
acoustic  length  of  the  tube  may  also  be  altered  by  opening  the  side 
holes  of  the  clarinet,  in  which  case  the  vibrating  column  of  air  is 
principally  that  between  the  mouthpiece  and  the  uppermost  open 
side  hole. 

The  oboe  (hautbois)  and  bassoon  (fagot)  have  conical  tubes 
which  are  closed  up  to  the  vertex  of  their  cone,  and  have  proper 
tones  that  are  the  same  as  those  of  open  tubes  of  the  same 
length.  Hence  the  tones  of  both  of  these  instruments  nearly  cor- 
respond to  those  of  open  pipes.  By  overblowing  they  give  the 
Octave,  Twelfth,  second  Octave,  and  so  on,  of  the  prime  tone. 
Intermediate  tones  are  produced  by  opening  side  holes. 

'  See  Helmholtz,  '  Verhandlungen  des  naturhistorischen  medicinischen  Vereins  zu 
Heidelberg,'  July  26, 1861,  in  the  '  Heidelbeiger  Jahrbiichcr.'  Poggendorff's  Annalen, 
1861. 
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The  older  French  luxms  and  trumpeta  consist  of  long  coni- 
cal twisted  tubes,  without  keys  or  side  holes.  They  can  produce 
such  tones  only  as  correspond  to  the  proper  tones  of  the  tube,  and 
these  again  are  the  natural  harmonic  upper  partials  of  the  prime. 
But  as  the  prime  tone  of  such  a  long  tube  is  very  deep,  the  upper 
partial  tones  in  the  middle  parts  of  the  scale  lie  very  close  to- 
gether, especially  in  the  very  long  tubes  of  the  French  horn,*  so 
that  they  give  most  of  the  degrees  of  the  scale.  The  trumpet  is 
restricted  to  these  natural  tones.  But  by  introducing  the  hand 
into  the  bell  of  the  French  horn  and  thus  partly  closing  it,  and 
by  lengthening  the  tube  of  the  trombrone,  it  was  possible  in  some 
degree  to  supply  the  missing  tones  and  improve  the  faidty  ones. 
In  later  times  tnmipets  and  horns  have  been  frequently  supplied 
with  keys  to  supply  the  missing  tones,  but  at  some  expense  of 
power  in  the  tone  and  the  brilliancy  in  its  quality.  The  vibra- 
tions of  the  air  in  these  instruments  are  imusually  powerfid,  and 
require  the  resistance  of  firm,  smooth,  unbroken  tubes  to  preserve 
their  strength.  In  the  use  of  brass  instrimients,  the  diflFerent 
form  and  tension  of  the  lips  of  the  player  act  only  to  determine 
which  of  the  proper  tones  of  the  tube  shall  speak ;  the  pitch  of 
the  individual  tones  is  almost  entirely  independent  of  the  tension 
of  the  lips. 

On  the  other  hand,  in  the  larynx  the  tension  of  the  vocal 
chords,  which  here  form  the  membranous  tongues,  is  itself  vari- 
able, and  determines  the  pitch  of  the  tone.  The  air  chambers 
connected  with  the  larynx  are  not  adapted  for  materially  altering 
the  tone  of  the  vocal  chords.  Their  walls  are  so  yielding  that 
they  cannot  allow  the  formation  of  vibrations  of  the  air  within 
them  sufl&ciently  powerful  to  force  the  vocal  chords  to  oscillate 
with  a  period  which  is  diflFerent  from  that  required  by  their  own 
elasticity.  The  cavity  of  the  mouth  is  also  far  too  short,  and 
generally  too  widely  open  to  serve  as  a  resonance  chamber  which 
could  have  material  influence  on  the  pitch. 

"  The  tube  of  the  French  horn  [the  Waldhom  op  foresthorn,  hunting  hom  of  the 
Germans]  is,  according  to  Zamminer,  27  feet  long.  Its  proper  prime  tone  \b  Efi* 
Thin  and  the  next  Etf  are  not  xised,  but  only  the  other  tones,  /?b,  eb,  g,  6b,  (f  b — , 
r'b,/',^,  a'\>  ¥  ,yb ,  &c.  [The  tones  rf'b  — ,  a'\>  + ,  corresponding  to  the  7th  and  11th 
partial  tone,  are  respectively  flatter  and  sharper  than  the  tones  in  the  justly  intoned 
wale  of  eb  in  the  ratios  of  63  :  64  and  33  :  32,  as  indicated  by  the  —  and  + 
ugns.^  Translator.  ] 
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In  addition  to  the  tension  of  the  vocal  chords  (which  can  be 
increased  not  only  by  separating  the  points  of  their  insertion  in 
the  cartilages  of  the  larynx,  but  also  by  voluntarily  stretch- 
ing the  muscular  fibres  within  them),  their  density  seems  also  to 
be  variable.  Much  soft  watery  inelastic  tissue  lies  underneath  the 
proper  elastic  fibrils  and  muscular  fibres  of  the  vocal  chords,  and 
in  the  breast  voice  this  probably  acts  to  weight  them  and  retard 
their  vibrations.  The  head  voice  is  probably  produced  by  drawing 
aside  the  mucous  coat  below  the  chords,  thus  rendering  the  edge 
of  the  chords  sharper,  and  the  weight  of  the  vibrating  part  less, 
while  the  elasticity  is  unaltered.* 

We  now  proceed  to  investigate  the  qiiality  of  tone  produced  on 
reed  pipes,  which  is  our  proper  subject.  The  sound  in  these  pipes 
is  excited  by  intermittent  pulses  of  air,  which  at  each  swing  break 
through  the  opening  that  is  closed  by  the  tongue.  A  freely  vibrating 
tongue  has  far  too  small  a  sur&ce  to  communicate  any  appreciable 
quantity  of  resonant  motion  to  the  surrounding  air  ;  and  it  is  as 
little  able  to  excite  the  air  enclosed  in  pipes.  The  sound  seems  to 
be  really  produced  by  pulses  of  air,  as  in  the  siren,  where  the  metal 
plate  that  opens  and  closes  the  orifice  does  not  vibrate  at  all.  By 
the  alternate  opening  and  closing  of  a  passage,  a  continuous 
influx  of  air  is  changed  into  a  periodic  motion,  capable  of  aflFecting 
the  air.  Like  any  other  periodic  motion  of  the  air,  the  one  thus 
produced  can  also  be  resolved  into  a  series  of  simple  vibrations. 
We  have  already  remarked  that  the  number  of  terms  in  such  a 
series  will  increase  with  the  discontinuity  of  the  motion  to  be  thus 
resolved.  Now  the  motion  of  the  air  which  passes  through  a  siren, 
or  past  a  vibrating  tongue,  is  discontinuous  in  a  very  high  degree, 
since  the  individual  pulses  of  air  must  be  generally  separatedby  com- 
plete pauses  during  the  closures  of  the  opening.  Free  tongues  with- 
out a  resonance  tube,  in  which  all  the  individual  simple  tones  of 
the  vibration  which  they  excite  in  the  air  are  gfiven  oflF  freely  to  the 
surrounding  atmosphere,  have  consequently  always  a  very  sharp, 
cutting,  jarring  quality  of  tone,  and  we  can  really  hear  with  either 
armed  or  unarmed  ears  a  long  series  of  strong  and  clear  partial 
tones  up  to  the  16th  or  20th,  and  there  are  evidently  still  higher 
partials  present,  although  it  is  difficult  or  impossible  to  distinguish 
them  from  each  other,  because  they  do  not  lie  so  much  as  a 

*  [The  mode  in  which  tlie  different  registers  of  the  voice  are  produced  is  still  under 
inquiry. —  lYanslati^,] 
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Semitone  apart.'  This  whirring  of  dissonant  partial  tones  makes 
the  musical  quality  of  free  tongues  very  disagreeable.  A  tone 
thus  produced  also  shews  that  it  is  really  due  to  puffs  of  air.  I 
have  examined  the  vibrating  tongue  of  a  reed  pipe,  like  that  in 
fig.  28  (p.  144),  when  in  action  with  the  vibration  microscope 
of  Lissajous,  in  order  to  determine  the  vibrational  form  of  the 
tongue,  and  I  found  that  the  tongue  performed  perfectly  regular 
simple  vibrations.  Hence  it  would  communicate  to  the  air  merely 
a  simple  tone  and  not  a  compoimd  tone,  if  the  sound  were  directly 
produced  by  its  own  vibrations. 

The  intensity  of  the  upper  partial  tones  of  a  free  tongue,  un- 
connected with  a  resonance  tube,  and  their  relation  to  the  prime, 
are  greatly  dependent  on  the  nature  of  the  tongue,  its  position 
with  respect  to  its  frame,  the  tightness  with  which  it  closes,  &c. 
Striking  tongues  which  produce  the  most  discontinuous  pulses  of 
air,  also  produce  the  most  cutting  quality  of  tone.  The  shorter 
the  pufiT  of  air,  the  more  sudden  its  action,  the  greater  number  of 
high  upper  partials  should  we  expect,  exactly  as  we  find  in  the 
siren,  according  to  Seebeck's  investigations.  Hard,  unyielding 
material,  such  as  that  used  for  brass  tongues,  will  produce  pulses 
of  air  which  are  much  more  disconnected  than  those  formed  by 
soft  and  yielding  substances. 

This  is  probably  the  reason  why  the  singing  tones  of  the  human 
voice  are  softer  than  all  others  which  are  produced  by  reed  pipes. 
Nevertheless  the  number  of  upper  partial  tones  in  the  human 
voice,  when  used  in  emphatic  forte^  is  very  great,  and  they  reach 

>  [The  difficulties  felt  by  the  unarmed  ear  in  observing  such  upper  partials,  or 
recognising  the  effects  heard  as  due  to  their  presence,  is  well  shewn  by  such  assertions 
as  these :  '  The  springs  of  harmoniums  emit  no  harmonics/  p.  xxxiii. ;  '  pure  funda- 
mental tones  are  always  detached  in  harmoniums,  because  they  have  no  audible 
harmonics,'  p.  233  ;  '  the  springs  [of  symphonions,  which  are  of  the  same  construction 
as  harmonium  vibrators]  do  not  yield  harmonics,  therefore  there  is  no  confusion  of 
Bounds ;  it  is  the  deficiency  as  to  harmonics  that  makes  the  harmonium  an  unsatisfao- 
toty  substitute  for  the  organ,*  p.  246  of  *  The  History  of  Music,  Art,  and  Science,  vol.  i., 
from  the  Earliest  Records  to  the  fall  of  the  Roman  Empire,  with  explanations  of 
Antient  Systems  of  Music,  Musical  Instruments,  and  of  the  True  Physiological  Basis 
for  the  Science  of  Music,  whether  Ancient  or  Modern,*  by  W.  Chappell,  F.S.A. 
author  of  •  A  History  of  the  Ballad  Literature  and  Popular  Music  of  the  Olden  Time.' 
Introduction  dated  June  1,  1874.  The  title  and  date  are  worth  preserving,  to  shew 
to  what  extent  practical  and  antiquarian  musicians  at  the  present  day  (among  whom 
Mr.  Chappell  has  already  earned  an  honourable  position)  are  acquainted  with 
the  physical  constitution  of  the  materials  with  which  and  on  which  they  work. — 
TfcmlaU>r,'\ 
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distinctly  and  powerjfully  up  to  the  four  times  accented  Octave 
(p.  26).    To  this  we  shall  have  to  return. 

The  tones  of  tongues  are  essentially  changed  by  the  addition 
of  resonance  tubes,  because  they  reinforce  and  hence  give  promi- 
nence to  those  upper  partial  tones  which  correspond  to  the  proper 
tones  of  these  tubes,  precisely  as  was  the  case  for  the  rush  of  wind 
in  the  flute  or  flue  pipes  of  organs.  In  this  case  the  resonance 
tubes  must  be  considered  as  closed  at  the  point  where  the  tongue 
is  inserted.* 

A  brass  tongue  such  as  is  used  in  organs,  and  tuned  to  &t>9  ^^ 
applied  to  one  of  my  larger  spherical  resonators,  also  timed  to  6b, 
instead  of  its  usual  resonance  tube.  After  considerably  increasing 
the  pressure  of  wind  in  the  bellows,  the  tongue  spoke  somewhat 
flatter  than  usual,  but  with  an  extraordinarily  full,  beautiful,  soft 
tone,  from  which  almost  all  upper  partials  were  absent.  Very 
little  wind  was  used,  but  it  was  imder  high  pressure.  In  this  case 
the  prime  tone  of  the  compound  was  in  unison  with  the  resonator, 
which  gave  a  powerful  resonance,  and  consequently  the  prime  tone 
had  also  great  power.  None  of  the  higher  partial  tones  could  be 
reinforced.  The  theory  of  the  vibrations  of  air  in  the  sphere 
further  shews  that  the  greatest  pressmre  must  occur  in  the  sphere 
at  the  moment  that  the  tongue  opened.  Hence  the  necessity  of 
strong  pressure  in  the  bellows  to  overcome  the  increased  pressure 
in  the  sphere,  and  yet  not  much  wind  really  passed. 

If  instead  of  a  glass  sphere,  resonant  tubes  are  employed, 
which  admit  of  a  greater  number  of  proper  tones,  the  resulting 
musical  tones  are  more  complex.  In  the  clarinet  we  have  a 
cylindrical  tube  which  by  its  resonance  reinforces  the  uneven 
partial  tones.  The  conical  tubes  of  the  oboe,  bassoon,  trumpet, 
and  French  horn,  on  the  other  hand,  reinforce  all  the  harmonic 
upper  partial  tones  of  the  compoimd  up  to  a  certain  height, 
determined  by  the  incapacity  of  the  tubes  to  resound  for  waves  of 
sound  that  are  not  much  longer  than  the  width  of  the  opening. 
By  actual  trial  I  found  only  uneven  partial  tones,  distinct  to  the 
seventh  inclusive,  in  the  compound  tones  of  the  clarinet,  whereas 
on  the  other  instruments,  which  have  conical  tubes,  I  found  the 
even  partials  also.  I  have  not  yet  had  an  opportunity  of  making 
obser\^ations  on  the  further  differences  of  quality  in  the  tones  of 

'  See  Appendix  VII. 
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individual  instruments  with  conical  tubes.  This  opens  rather  a 
mde  field  for  research,  since  the  quality  of  tone  is  altered  in  many 
ways  by  the  style  of  blowing,  and  even  on  the  same  instnunent 
the  diflferent  parts  of  the  scale,  when  they  require  the  opening  of 
ride  holes,  shew  considerable  diflFerences  in  quality.  On  wooden 
wind  instruments  these  differences  are  striking.  The  opening  of 
side  holes  is  by  no  means  a  complete  substitute  for  shortening  the 
tube,  and  the  reflection  of  the  waves  of  sound  at  the  points  of 
opening  is  not  the  same  as  at  the  free  open  end  of  the  tube.  The 
upper  partials  of  compound  tones  produced  by  a  tube  limited  by 
an  open  side  hole,  must  certainly  be  in  general  materially  deficient 
in  harmonic  purity,  and  this  will  also  have  a  marked  influence  on 
their  resonance. 

7.  Vowel  Qualities  of  ToTie. 

We  have  hitherto  discussed  those  cases  of  resonance,  generated 
in  such  air  chambers  as  were  capable  of  reinforcing  the  prime 
tone  principally,  but  also  a  certain  nimiber  of  the  harmonic  upper 
partial  tones  of  the  compound  tone  produced.  The  case,  how- 
ever, may  also  joccur  in  which  the  lowest  tone  of  the  resonance 
chamber  applied  does  not  correspond  with  the  prime,  but  only 
with  some  one  of  the  upper  partials  of  the  compound  tone  itself, 
and  in  these  cases  we  find,  in  accordance  with  the  principles 
hitherto  developed,  that  the  corresponding  upper  partial  tone  is 
really  more  reinforced  than  the  prime  or  other  partials  by  the 
resonance  of  the  chamber,  and  consequently  predominates  ex- 
tremely over  all  the  other  partials  in  the  series.  The  quality  of 
tone  thus  produced  has  consequently  a  peculiar  character,  and 
more  or  less  resembles  one  of  the  vowels  of  the  human  voice.  For 
the  vowels  of  speech  are  in  reality  tones  produced  by  membranous 
tongues  (the  vocal  chords),  with  a  resonance  chamber  (the  mouth) 
capable  of  altering  in  length,  width,  and  resonant  pitch,  and 
hence  capable  also  of  reinforcing  at  different  times  different 
partials  of  the  compound  tone  to  which  it  is  applied.* 

*  The  theory  of  vowel  tones  was  first  enunciated  by  Wbeatstone  in  a  criticism, 
nnfortanately  little  known,  on  Willis's  experiments.    The  latter  are  described  in  the 

*  TransactioDS  of  the  Cambridge  Philosophical  Society,'  vol.  iii.,  p.  231,  and  Poggendorflfs 

•  Annalen  der  Physik,'  vol.  xxiv.,  p.  397.    Wheatstono's  report  upon  them  is  contained 
in  the  'London  and  Westminfltor  Review'  for  October  1837. 
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In  order  to  understand  the  composition  of  vowel  tones,  we 
must  in  the  first  place  bear  in  mind  that  the  source  of  their  soimd 
lies  in  the  vocal  chords,  and  that  when  the  voice  is  heard,  these 
chords  act  as  membranous  tongues,  and  like  all  tongues  produce  a 
series  of  decidedly  discontinuous  and  sharply  separated  pulses  of 
air,  which,  on  being  represented  as  a  sum  of  simple  vibrations, 
must  consist  of  a  very  large  nimiber  of  them,  and  hence  be  re- 
ceived by  the  ear  as  a  very  long  series  of  partials  belonging  to  a 
compound  musical  tone.     With  the  assistance  of  resonators  it  is 
possible  to  recognise  very  high  partials,  up  to  the  sixteenth,  when 
one  of  the  brighter  vowels  is  sung  by  a  powerful  bass  voice  at  a 
low  pitch,  and,  in  the  case  of  a  strained  forte  in  the  upper  notes 
of  any  human  voice,  we  can  hear,  more  clearly  than  on  any  other 
musical   instrument,  those  high   upper  partials   that  belong   to 
the  middle  of  the  four  times  accented  Octave  (the  highest  on 
modem  pianofortes),  and  these  high  tones  have  a  peculiar  relation 
to  the  ear,  to  be  subsequently  considered.     The  loudness  of  sucli 
upper   partials,  especially   those   of  highest   pitch,  differs   con- 
siderably in  different  individuals.     For  cutting  bright  voices  it  is 
greater  than  for  soft  and   dull   ones.     The  quality  of  tone  in 
cutting  screaming  voices  may  perhaps  be  referred  to  a  want  of 
sufficient  smoothness  or  straightness  in  the  edges  of  the  vocal 
chords,  to  enable  them  to  close  in  a  straight  narrow  slit  without 
strikiog  one  another.     This  circimistance  would  give  the  larynx 
more  the  character  of  striking  tongues,  and  the  latter  have  a 
much  more  cutting  quality  than  the  free  tongues  of  the  normal 
vocal  chords.     Hoarseness  in  voices  may  arise  from  the  glottis  not 
entirely  closing  during  the  vibrations  of  the  vocal  chords.     At 
any   rate,  when  alterations  of  this  kind  are  made  in  artificial 
membranous  tongues,  similar  results  ensue.     For  a  strong  and  yet 
soft  quality  of  voice  it  is  necessary  that  the  vocal  chords  should, 
even  when  most  strongly  vibrating,  join   rectilinearly  at  the 
moment  of  approach  with  perfect  tightness,  effectually  closing  the 
glottis   for  the  moment,  but  without   overlapping   or   striking 
against  each  other.     If  they  do  not  close  perfectly,  the  stream  of 
air  will  not  be  completely  interrupted,  and  the  tone  cannot  be 
powerful.     If  they  overlap,  the  tone  must  be  cutting,  as  before 
remarked,  because  arising  from  striking  tongues.     On  examining 
the   vocal   chords   in   action  by  means  of  a  laryngoscope,  it  is 
marvellous  to  observe  the  accuracy  with  which  they  close  even 
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when  making  vibrations  occupying  nearly  the  entire  breadth  of 
the  chords  themselves; 

There  is  also  a  certain  difference  in  the  way  of  putting  on 
the  voice  in  speaking  and  in  singing,  which  gives  the  speaking 
voice  a  much  more  cutting  quality  of  tone,  especially  in  the  open 
vowels,  and  occasions  a  sensation  of  much  greater  pressure  in  the 
larynx.  I  suspect  that  in  speaking  the  vocal  chords  act  as  striking 
tongues. 

When  the  mucous  membrane  of  the  larynx  is  affected  with 
catarrh,  the  laryngoscope  sometimes  shews  little  flakes  of  mucus 
in  the  glottis.  When  these  are  too  great  they  disturb  the  motion 
of  the  vibrating  chords  and  make  them  irregular,  causing  the  tone 
to  become  unequal,  jarring,  or  hoarse.  It  is,  however,  remarkable 
what  comparatively  large  flakes  of  mucus  may  lie  in  the  glottis 
without  producing  a  very  striking  deterioration  in  the  quality  of 
tone. 

It*  has  already  been  mentioned  that  it  is  generally  more  diffi- 
cult for  the  unassisted  ear  to  recognise  the  upper  partials  in  the 
human  voice,  than  in  the  tones  of  musical  instruments.  Besonators 
are  more  necessary  for  this  examination  than  for  the  analysis  of 
any  other  kind  of  musical  tone.  They  have  nevertheless  been 
heard  at  times  by  attentive  observers.  Sameau  had  heard  them 
at  the  beginning  of  last  century.  And  at  a  later  period  Seiler  of 
Leipzig  relates  that  while  listening  to  the  chant  of  the  watchman 
during  a  sleepless  night,  he  occasionally  heard  at  first,  when  the 
watchman  was  at  a  distance,  the  Twelfth  of  the  melody,  and  after- 
wards the  prime  tone.  The  reason  of  this  difficulty  is  most  pro- 
bably that  we  have  all  our  lives  remarked  and  observed  the  tones 
of  the  human  voice  more  than  any  other,  and  always  with  the 
object  of  grasping  it  as  a  whole  and  obtaining  a  clear  knowledge 
and  perception  of  its  manifold  changes  of  quality. 

We  may  certainly  assume  that  in  the  tones  of  the  human 
larynx,  as  in  all  other  tongued  instruments,  the  upper  partial 
tones  would  decrease  in  force  as  they  increase  in  pitch,  if  they 
could  be  observed  without  the  resonance  of  the  cavity  of  the 
mouth.  In  reality  they  satisfy  this  assumption  tolerably  well, 
for  those  vowels  which  are  spoken  with  a  wide  funnel-shaped 
cavity  of  the  mouth,  as  a  in  art,  or  a  in  bat  lengthened,  which  is 
nearly  the  same  as  a  in  bare.  But  this  relation  is  materially 
altered  by  the  resonance  which  takes  place  in  the  cavity  of  the 
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mouth.  The  more  this  cavity  is  narrowed,  either  by  the  lips  or 
the  tongue,  the  more  distinctly  marked  is  its  resonance  for  tones 
of  determinate  pitch,  and  the  more  therefore  does  this  resonance 
reinforce  those  partial  tones  in  the  compound  tone  produced  by 
the  vocal  chords,  which  approach  the  favoured  pitch,  and  the 
more,  on  the  contrary,  will  the  others  be  damped.  Hence  on  in- 
vestigating the  compound  tones  of  the  himian  voice  by  means  of 
resonators  we  find  pretty  uniformly  that  the  first  six  to  eight 
partial  tones  are  clearly  perceptible,  but  with  very  different  de- 
grees of  force  according  to  the  different  forms  of  the  cavity  of  the 
mouth,  sometimes  screaming  loudly  into  the  ear,  at  others  scarcely 
audible. 

Under  these  circumstances  the  investigation  of  the  resonance 
of  the  cavity  of  the  mouth  is  of  great  importance.  The  easiest 
and  smrest  method  of  finding  the  tones  to  which  the  air  in  the 
oral  cavity  is  tuned  for  the  different  shapes  it  assumes  in  the 
production  of  vowels,  is  that  which  is  used  for  glass  bottles  and 
other  spaces  filled  with  air.  Tuning  forks  of  different  pitches  are 
struck  and  held  before  the  opening  of  the  air  chamber — in  the 
present  case  the  open  mouth — and  the  louder  the  proper  tone  of 
the  fork  is  heard,  the  nearer  does  it  correspond  with  one  of  the 
proper  tones  of  the  included  mass  of  air.  Since  the  shape  of  the 
oral  cavity  can  be  altered  at  pleasure,  it  can  always  be  made  to 
suit  the  tone  of  any  given  tuning  fork,  and  we  thus  easily  discover 
what  shape  the  mouth  must  assume  for  its  included  mass  of  air  to 
be  tuned  to  a  determinate  pitch. 

Having  a  series  of  timing  forks  at  command,  I  was  thus  able 
to  obtain  the  following  results  : — 

The  pitch  of  strongest  resonance  of  the  oral  cavity  depends 
solely  upon  the  vowel  for  pronoimcing  which  the  mouth  has  been 
arranged,  and  alters  considerably  for  even  slight  alterations  in  the 
vowel  quality,  such,  for  example,  as  occur  in  the  different  dialects 
of  the  same  language.  On  the  other  hand,  the  proper  tones  of 
the  cavity  of  the  mouth  are  nearly  independent  of  age  and  sex. 
I  have  in  general  foimd  the  same  resonances  in  men,  women,  and 
children.  The  want  of  space  in  the  oral  cavity  of  women  and 
children  can  be  easily  replaced  by  a  great  closure  of  its  opening, 
which  will  make  the  resonance  as  deep  as  in  the  larger  oral 
cavities  of  men. 

The  vowels  can  be  arranged  in  three  series,  according  to  the 
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position  of  the  parts  of  the  mouth,  which  may  be  written  thus, 
in  accordance  with  Du  Bois-Reymond  the  elder  * : — 


U 

—  u 

The  vowel  A  (a  in  father j  or  Scotch  a  in  maTi)  forms  the 
common  origin  of  all  three  series.  With  this  vowel  corresponds 
a  funnel-shaped  resonance  cavity,  enlarging  with  tolerable  uni- 
formity from  the  larynx  to  the  lips.  For  the  vowels  of  the  lower 
series,  O  (o  in  Ttwre)  and  U  {po  in  poor\  the  opening  of  the 
mouth  is  contracted  by  means  of  the  lips,  more  for  U  than  for  0^ 
while  the  cavity  is  enlarged  as  much  as  possible  by  depression 
of  the  tongue,  so  that  on  the  whole  it  becomes  like  a  bottle 
without  a  neck,  with  rather  a  narrow  mouth,  and  a  cavity  undi* 

*  '  Norddeatflche  Zeitschrift^'  edited  by  de  la  Motte  Foaqn^  1812.  *  EadmuB  odex 
mllgemeine  Alphabetik,  von  F.  H.  da  Bois-Rejmond/  Berlin,  1862,  p.  152.  [This  is 
the  arrangement  nsnally  adopted.  Bat  in  1867  Mr.  Melville  Bell,  an  orthoepical 
teacher  of  many  years'  standing,  who  had  been  led  professionally  to  pay  great  attention 
to  the  shapes  of  the  month  necessaiy  to  produce  certain  sounds,  in  his  '  Visible  Speech; 
the  Science  of  Universal  Alphabetics '  (London :  Simpkin,  Marshall  and  Co.,  4to.,  ppw 
z.,  126,  with  sixteen  lithographic  tables)  proposed  a  more  elaborate  method  of  classi- 
fying Towels  by  the  shape  of  the  mouth.  He  commenced  with  0  positions  of  the 
tongue,  consisting  of  8  in  which  the  middle,  or  as  he  terms  it,  'front'  of  the 
tongae  was  raised,  highest  for  ea  in  aeat^  not  so  hi^  for  a  in  sate,  and  lowest  for  a  in 
mt ;  3  others  in  which  the  hack^  instead  of  the  middle,  of  the  tongue  was  raised, 
hij^eet  for  oo  in  tnoody  lower  for  o  in  node,  and  lowest  for  aw  in  gnawed  (none  of 
which  three  are  determined  by  the  position  of  the  tongue  alone),  and  3  intermediate 
positions,  where  the  whole  tongue  is  raised  almost  evenly  at  three  different  elevations. 
These  9  lingual  positions  might  be  accompanied  with  the  ordinary  or  with  increased 
distension  of  the  pharynx,  giving  9  primary  and  9  *  wide '  vowels.  And  each  of  tho 
18  vowels  thus  produced,  could  be  '  rounded,'  that  is  modified  by  shading  the  mouth 
in  various  degrees  with  the  lips.  He  thus  obtains  36  distinct  vowel  cavities,  among 
-vhich  almost  all  those  used  for  vowel  qualities  in  different  nations  may  be  placed. 
Bobsequent  research  has  shown  how  to  extend  this  arrangement  materially.  See  my 
*£sily  English  Pronunciation,'  p.  1279.  In  following  Prof.  Helmholts  it  must  be 
remembered  that  the  German  vowels  differ  materially  in  quality  from  the  Ebglisb, 
nd  that  consequently  complete  agreement  between  his  observations  and  those  of  any 
Englishman,  who  repeats  his  experiments,  must  not  bo  expected.  I  have  consequently 
tJioaght  it  better  in  this  place  to  leave  his  German  notation  untranslated,  and  merely 
wlgoin  in  parentheses  the  nearest  English  sounds.  For  the  table  in  the  text  we  may 
•wome  A  to  =  «  in  father,  or  else  Scotch  a  in  man  (different  sounds),  E  to  =■  «  in 
tim,  I  to  =*  «  in  machine,  O  to  =  o  in  more,  U  to  =  m  in  sure ;  and  0  to  =  «« in 
French  peu  or  else  in  peuple  (different  sounds),  and  U  to  =  «  in  French  pu, — 
Tftmslaior.l 
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vidcd  in  any  direction.*  The  pitch  of  such  bottles  is  lower  the 
larger  the  cavity  and  the  narrower  its  mouth.  Usually  only  one 
upper  partial  with  strong  resonance  can  be  clearly  recognised; 
when  other  proper  tones  exist  they  are  comparatively  very  high, 
or  have  only  weak  resonance.  In  conformity  with  these  results, 
which  may  be  obtained  with  glass  bottles,  we  find  the  resonance 
deepest  for  U  {oo  in  poor  nearly),  where  the  oral  cavity  is  widest 
and  the  mouth  narrowest ;  it  answers  to  the  unaccented  /.  On 
passing  from  U  to  0  (o  in  more  nearly)  the  resonance  gradually 
rises ;  and  for  a  full,  ringing,  pure  0  the  pitcli  is  6'[>.  The  posi- 
tion of  the  mouth  for  0  is  peculiarly  favourable  for  resonance, 
the  opening  of  the  mouth  being  neither  too  large  nor  too  small, 
and  the  internal  cavity  sufficiently  spacious.  Hence  if  a  6'[> 
tuning-fork  be  struck  and  held  before  the  mouth  while  0  is  gently 
uttered,  or  the  0-position  merely  assimied  without  really  speaking, 
the  tone  of  the  fork  will  resound  so  fully  and  loudly  that  a  large 
audience  can  hear  it.  The  usual  a'  tuning  fork  of  musicians  may 
also  be  used  for  this  purpose,  but  then  it  will  be  necessary  to  make 
a  somewhat  duller  0,  if  we  wish  to  bring  out  the  full  resonance. 

On  gradually  bringing  the  shape  of  the  mouth  from  the  posi- 
tion proper  to  0,  through  those  due  to  0*  (nearly  o  in  cot^  with 
rather  more  of  the  0  sound),  and  A°  (nearly  au  in  caught^  with 
rather  more  of  the  A  soimd)  into  that  for  A  (Scotch  a  in  viaii^ 
with  rather  more  of  an  0  quality  in  it  than  English  a  in  father), 
the  resonance  gradually  rises  an  Octave,  and  reaches  i''[>.  This 
tone  corresponds  with  the  North  German  A;  the  somewhat 
brighter  A  (a  in  father)  of  the  English  and  Italians  rises  up  to 
d^'\  or  a  Third  higher.  It  is  particulai'ly  remarkable  what  little 
differences  in  pitch  correspond  to  very  sensible  varieties  of  vowel 
quality  in  the  neighbourhood  of  A  ;  and  I  should  therefore  recom- 

'  [This  depressed  position  of  the  tongue  answers  better  for  English  aw  in  saw 

than  for  either  o  in  more  or  oo  in  poor.     For  the  o  the  tongue  is  slightly  more  raised, 

especially  ut  the  back,  while  for  English  oo  tlie  back  of  the  tongue  is  almost  as  high  as 

for  k,  and  greatly  impedes  the  oral  cavity.     If,  however,  the  tongue  be  kept  in  the 

position  for  aw  by  sounding  this  vowel,  and,  while  sounding  it  steadily,  the  lips  be 

gradually  contracted,  the  sound  will  be  found  to  pass  through  certain  obscure  qualities 

of  tone  till  it  suddenly  comes  out  clearly  as  a  sound  a  little  more  like  aw  than  o  \n 

more  (really  the  Danish  aa),  and  then  again  passing  through  other  obscure  phases, 

comes  out  again  clearly  as  a  deep  sound,  not  so  bright  as  our  oo  in  poor,  but  more 

resembling  the  Swedish  o  to  which  it  will  reach  if  the  tongue  be  slightly  raised  into 

tlie  A  position.     It  is  necessary  to  boar  these  facts  in  mind  when  following  thi>  ttxt, 

whore  U  is  only  almost,  not  quite  =  oo  in  pot/r,  which  is  the  long  sounil  of  ti  in  pull, 

and  is  duller  than  oo  in  pool  or  French  ou  in  poule. — Translator^] 
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mend   philologists  who  wish   to  define   the  vowels  of  different 
languages  to  fix  them  by  the  pitch  of  loudest  resonance.* 

For  the  vowels  already  mentioned  I  have  not  been  able  to 
detect  any  second  proper  tone,  and  the  analogy  of  the  phenomena 
presented  by  artificial  resonance  chambers  of  similar  shapes  would 
hardly  lead  us  to  expect  any  of  sensible  loudness.  Experiments 
hereafter  described  shew  that  the  resonance  of  this  single  tone  is 
BuflScient  to  characterise  the  vowels  above  mentioned. 

The  second  series  of  vowels  consists  of  A,  A,  E,  I.  The  lips 
are  drawn  so  far  apart  that  they  no  longer  contract  the  issuing 
stream  of  air,  but  a  fresh  contraction  is  produced  between  the 
front  (middle)  parts  of  the  tongue  and  the  hard  palate,  the  space 
immediately  above  the  larynx  being  widened  by  depressing  the 
root  of  'the  tongue,  while  the  larjnMc  simultaneously  rises.  The 
form  of  the  oral  cavity  consequently  resembles  a  bottle  with  a 
narrow  neck.  The  belly  of  the  bottle  is  behind,  in  the  pharynx, 
and  its  neck  is  the  narrow  passage  between  the  upper  surface  of  the 
tongue  and  the  hard  palate.  In  the  above  series  of  letters.  A,  E,  I, 
these  changes  increase  until  for  I  the  internal  cavity  of  the  bottle 
is  greatest  and  the  neck  narrowest.  For  A  (the  broadest  French 
^,  broader  than  e  in  there^  and  nearly  as  broad  as  a  in  bat  length- 
ened, with  which  the  name  of  their  city  is  pronounced  by  the  na- 
tives of  Bath),  the  whole  channel  is,  however,  tolerably  wide,  so 
that  it  is  quite  easy  to  see  down  to  the  larynx  when  the  laryn- 
goscope is  used.  Indeed  this  vowel  gives  the  very  best  position  of 
the  mouth  for  the  application  of  this  instrument,  because  the  root 
of  the  tongue,  which  impedes  the  view  when  A  is  uttered,  is 
depressed,  and  the  observer  can  see  over  and  past  it. 

'  [Great  difficulties  lie  in  the  way  of  carrying  out  this  recommendation.  The  ear 
of  philologists  and  even  of  those  who  are  readily  able  to  discriminate  vowel  sounds,  is 
frequently  not  acute  for  dififerences  of  pitch.  The  determination  of  the  pitch  even 
under  fikvourable  circumstances  is  not  easy,  especially,  as  it  wiU  be  seen,  for  the 
higher  pitches.  Without  mechanical  appliances  even  good  ears  are  deceived  in  the 
Octave.  The  differences  of  pitch  noted  by  Helmholtz,  Bonders,  and  Merkel,  as 
given  further  on,  probably  point  to  fundamental  differences  of  pronunciation,  and 
shew  the  desirability  of  a  very  extensive  series  of  experiments  being  carried  out  with 
special  apparatos,  by  an  operator  with  an  extremely  acute  musical  ear,  on  speakers  of 
rariouB  nationalities  and  also  on  various  speakers  of  the  same  nationality.  Great 
difficulty  wiU  even  then  bo  experienced  on  account  of  the  variability  of  the  samo 
speaker  in  his  vowel  quality  for  differences  of  pitch  and  expression,  the  want  of  habit 
to  maintain  tho  position  of  the  mouth  unmoved  for  a  sufficient  length  of  time  to  com- 
plete an  obsorvation  satisfactorily,  and,  worst  of  all,  the  involuntary  tendency  of  ihe 
organs  to  accommodate  themselves  to  the  pitch  of  tho  fork  presented. — TrandatoT.\ 
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When  a  bottle  with  a  long  narrow  neck  is  used  as  a  resonance 
chamber,  two  simple  tones  are  readily  discovered,  of  which  one  can 
be  regarded  as  the  proper  tone  of  the  belly,  and  the  other  as  that 
of  the  neck  of  the  bottle.  Of  course  the  air  in  the  belly  cannot 
vibrate  quite  independently  of  that  in  the  neck,  and  both  proper 
tones  in  question  must  consequently  be  different,  and  indeed  some- 
what deeper  than  they  would  be  if  belly  and  neck  were  separate 
and  had  their  resonance  examined  independently.  The  neck  is 
approximately  a  short  pipe  open  at  both  ends.  To  be  sure  its 
inner  end  debouches  into  the  cavity  of  the  bottle  instead  of  the 
open  air,  but  if  the  neck  is  very  narrow,  and  the  belly  of  the  bottle 
very  wide,  the  latter  may  be  in  some  respect  regarded  as  an  open 
space  in  respect  of  the  vibrations  of  the  air  inclosed  in  the  neck. 
These  conditions  are  best  satisfied  for  I,  in  which  the  length  of  the 
channel  between  tongue  and  palate,  measured  from  the  upper 
teeth  to  the  back  edge  of  the  bony  palate,  is  about  six  centimetres 
(2*36  or  about  2^  inches).  An  open  pipe  of  this  length  when 
blown  would  give  e'"\  while  the  observations  made  for  determining 
the  tone  of  loudest  resonance  for  I  gives  nearly  d""^  which  is  as 
close  an  agreement  as  could  possibly  have  been  expected  in  such 
an  irregularly  shaped  pipe  as  that  formed  by  the  tongue  and 
palate. 

In  accordance  with  these  experiments  the  vowels  A,  E,  I  have 
each  a  higher  and  a  deeper  resonance  tone.  The  higher  tones 
continue  the  ascending  series  of  the  proper  tones  of  the  vowels 
U,  0,  A.  By  means  of  tuning  forks  I  found  for  A  a  tone  between 
g'*'  and  a'^'b,  and  for  E  the  tone  h"'^.  I  had  no  fork  suitable 
for  I,  but  by  means  of  the  whistling  noise  of  the  air,  to  be  con- 
sidered presently,  its  proper  tone  was  determined  with  tolerable 
exactness  to  be  d"'\ 

The  deeper  proper  tones  which  are  due  to  the  back  part  of  the 
oral  cavity  are  rather  more  diflBcult  to  discover.  Tuning  forks 
may  be  used,  but  the  resonance  is  comparatively  weak,  because  it 
must  be  conducted  through  the  long  narrow  neck  of  the  air  cham- 
ber. It  must  further  be  remembered  that  this  resonance  only 
occurs  while  the  corresponding  vowel  is  gently  whispered,  and 
disappears  as  soon  as  the  whisper  ceases,  because  the  form  of 
the  chamber  on  which  the  resonance  depends  then  immediately 
changes.  The  tuning  forks  after  being  struck  must  be  brouglit  as 
close  as  possible  to  the  opening  of  the  air  chamber  behind  tlie 
upper  teeth.     By  this  means  I  found  d"  for  A  and  f  for  E.     For 
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I,  direct  observation  with  tuning-forks  was  not  possible  :  but  from 
the  upper  partial  tones,  I  conclude  that  its  proper  tone  is  as  deep 
as  that  of  U,  or  near  /.  Hence,  when  we  pass  from  A  to  I,  these 
deeper  proper  tones  of  the  oral  cavity  sink,  and  the  higher  ones 
rise  in  pitch.  ^ 

For  the  third  series  of  vowels  from  A  through  0  (French  eu  in 
peu,  or  the  deeper  eu  in  peuple),  towards  XJ  (French  u  in  pu, 
which  is  rather  deeper  than  the  German  sound),  we  have  the 
same  internal  positions  of  the  mouth  as  in  the  last-named.  For 
tS  the  mouth  is  placed  in  nearly  the  same  position  as  for  a  vowel 
lying  between  E  and  I,  and  for  0  as  for  an  E  which  inclines  towards 
A.  In  addition  to  the  contraction  between  the  tongue  and  palate 
as  in  the  second  series,  we  have  also  a  contraction  of  the  lips, 
which  are  made  into  some  sort  of  a  tube,  forming  a  front  prolon- 
gation of  that  made  by  the  tongue  and  palate.  The  air-chamber 
of  the  mouth,  therefore,  in  this  case  also  resembles  a  bottle  with  a 
neck,  but  the  neck  is  longer  than  before.  For  I  the  neck  was  six 
centimetres  (rather  more  than  2J  inches)  long,  for  U,  measured 
from  the  front  edge  of  the  upper  teeth  to  the  commencement 
of  the  soft  palate,  it  is  eight  centimetres  (3*15,  or  rather  more  than 
S^  inches).  The  pitch  of  the  higher  proper  tone  corresponding 
to  the  resonance  of  the  neck  must  be  therefore  about  a  Fourth 
deeper  than  for  I.  If  both  ends  were  free,  a  pipe  of  this  length 
would  give  6  '^\  according  to  the  usual  calculation.  In  reality  it 
resounded  for  a  fork  lying  between  gr'^'  and  a^''[>,a  difference 
similar  to  that  found  for  I,  and  also  probably  attributable  to  the 
back  end  of  the  tube  debouching  into  a  wider  but  not  quite  open 
space.  The  resonance  of  the  back  space  has  to  be  observed  in  the 
same  way  as  for  the  I  series.  For  0  it  is  f\  the  same  as  for  E, 
and  for  U  it  is  /,  the  same  as  for  I. 

The  fact  that  the  cavity  of  the  mouth  for  different  vowels  is 

'  [Kr.  Graham  Bell,  son  of  Mr.  MelTiUe  Bell,  already  mentioned  (p.  ]  67,  note),  was 
in  the  habit  of  bringing  ont  this  fact  by  placing  his  month  in  the  required  poeitions 
and  then  tapping  against  a  finger  placed  jnst  in  front  of  the  upper  teeth,  for  the 
hi^er  resonance,  and  placed  against  the  neck,  jnst  above  the  larynx,  for  the  lower. 
He  obligingly  performed  the  experiment  several  times  privately  before  me,  and  the 
niccessive  alterations  and  differences  in  their  direction  were  striking.  The  tone  was 
dnll  and  like  a  wood  harmonica.  Considerable  dexterity  seemed  necessary  to  produce 
the  effect,  and  I  could  not  succeed  in  doing  so.  He  carried  out  the  experiment  much 
ftiither  than  is  suggested  in  the  text,  embracing  the  whole  nine  positions  of  the  tongue 
in  his  father's  vowel  scheme,  and  obtaining  a  double  resonance  in   each    case. — 

Translator.'] 

M 
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tuned  to  different  pitches  was  first  discovered  by  Bonders,*  not 
with  the  help  of  tuning-forks,  but  by  the  whistling  noise  pro- 
duced in  the  mouth  by  whispering.  The  cavity  of  the  mouth  is 
thus  blown  like  an  organ  pipe,  and  by  its  resonance  reinforces  the 
corresponding  tones  of  the  vdnd-rush,  which  are  produced  partly 
in  the  contracted  glottis,*  and  partly  in  the  forward  contracted 
passages  of  the  mouth.  In  this  way  it  is  not  usual  to  obtain  a 
complete  musical  tone ;  this  only  happens  for  U  and  U,  when  a 
real  whistle  is  produced.  This,  however,  would  be  a  fault  in  speak- 
ing. We  have  rather  only  such  a  degree  of  reinforcement  of  the 
noise  of  the  air  as  occurs  in  an  organ  pipe,  which  does  not  speak 
well,  either  from  a  badly-constructed  lip  or  an  insufficient  pressure 
of  wind.  But  a  noise  of  this  kind,  although  not  brought  up  to 
being  a  complete  musical  tone,  has  nevertheless  a  tolerably  deter- 
minate pitch,  which  can  be  estimated  by  a  practised  ear.  But,  as  in 
all  cases  where  tones  of  very  different  qualities  have  to  be  compared, 
it  is  easy  to  make  a  mistake  in  the  Octave.  However,  after  some  of 
the  important  pitches  have  been  determined  by  tuning-forks,  and 
others,  as  tJ  and  0,  by  allowing  the  whisper  to  pass  into  a  regular 
whistle,  the  rest  are  easily  determined  by  arranging  them  in  a 
melodic  progression  with  the  first.     Thus  the  series : — 


Clear  A 

A 

B 

I 

(a  in  fat  her) 
d'" 

(a  in  man) 

U  in  there) 

(t  in  machine) 

>  *  AichiT  fur  die  HoUandischen  Beitrage  fiir  Natur-  and  Heilkunde  von  Dondera 
nnd  Berlin*  vol.  i.  p.  157.  Older  incomplete  observations  of  the  same  circumstance 
in  Samuel  Reyher^s  'Mathesis  Mosaica/  Kiel  1619. — Chr.  Hell  wag,  'De  Formatione 
Loquelae  Diss.,  Tubingae/  1710. — Florcke,  *Neue  Berliner  Monatsschrift,*  Sept.  1803, 
Feb.  1804. — Olivier,  *  Ortho-epo-graphisches  Elementar-Werk,'  1804,  part  iii.  p.  21. 

'  In  whispering,  the  vocal  chords  are  kept  close,  but  the  air  passes  through  a 
small  triangular  opening  at  the  back  part  of  the  glottis  between  the  ar3rtenoid  carti- 
lages. [According  to  Czermak  ('Sitzungsberichte,  Wiener  Akad.,  Math.-Naturw.  CL' 
April  29,  1858,  p.  576)  thfi  vocal  chords  as  seen  through  the  laryngoscope  are  not 
quite  close  for  whisper,  but  are  nicked  in  the  middle.  Merkel  (*IHe  Funktionen  des 
menschlichen  Schlund-  und  Kehlkopfes.  .  .  .  nach  eigenen  pharyngo-  und  laryngo- 
skopischen  Untersuchungen,'  Leipzdg,  1862,  p.  77)  distinguishes  two  kinds  of  whisper- 
ing: (1)  the  loud,  in  which  the  opening  between  the  chords  is  from  4  to  }  of  a  line 
wide,  producing  no  resonant  vibrations,  and  that  between  the  arytenoids  is  somewhat 
wider ;  (2)  the  gentle,  in  which  the  vowel  is  commenced  as  in  loud  speaking,  with 
closed  glottis,  and,  after  it  has  begun,  the  back  part  of  the  glottis  is  opened,  while 
the  chords  remain  close  and  motionless. — Translator,'] 
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forms  an  ascending  minor  chord  of  g  in  the  position  of  the  Fourth 
and  Sixth,  and  can  be  readily  compared  with  the  same  melodic  pro- 
gression on  the  pianoforte,  I  was  able  to  determine  the  pitch  for 
clear  A,  A,  and  E  by  tuning-forks,  and  hence  fix  that  for  I  also.' 


'  The  statementa  of  Donders  differ  slightly  from  mine,  partly  because  they  hare 
reference  to  Dutch  pronunciation,  while  mine  refer  to  the  North  Gorman  vowels  ;  and 
partly  because  Bonders,  not  having  been  assisted  by  tuning-forks,  was  not  always 
able  to  determine  with  certainty  to  what  Octave  the  noises  he  heard  should  be 
assigned. 


Pitch  accord- 

Pitch aooord- 

Vowel 

ing  to 

Ing  to 

Donders 

Helmholti 

U 

/' 

/ 

0 

d' 

ft'b 

A 

h\ 

^'b 

0 

^? 

c"' 

t) 

a" 

f'-a^ 

£ 

</"t 

y'\ 

I 

f" 

d"" 

[The  foUowing  passage  and  table  translated  from  C.  L.  Merkel  ('  Physiologie  der 
menschlichen  Sprache  (physiologische  Laletik),'  Leipzig,  1866,  p.  47)  will  shew  what 
great  uncertainty  still  prevails  in  the  determination  of  these  pitches.  The  pitch 
according  to  Donders,  given  in  this  table,  differs  materially  from  the  foregoing. 
Merkel,  who  is  a  Middle  German,  says : — '  On  attempting  to  determine  the  vibrational 
numbers  of  isolated  vowels,  I  obtained  very  various  results.  I  was  often  doubtful  as 
to  the  Octave ;  as  to  whether  the  pitch  of  U  which  seemed  to  be  the  most  fixed,  was  d 
or  (f,  and  still  more  as  to  the  pitch  of  I,  whether,  assuming  that  of  U  to  be  d,  that  of  I 
belonged  to  the  once-accented  or  twice-accented  Octave.  The  caf*e  was  still  worse  for 
the  other  TC^wels,  especially  for  the  intermediate  or  mixed  vowels.  A,  0,  U.  The 
reader  will  obtain  an  idea  of  the  difficulties  by  the  following  table  of  my  own  various 
results  and  those  of  my  predecessors : — 


Obserrer. 


Hdhrag 
nsccke. 


Heimbolts 


d-d% 

e 
e 
c 
tf 


O 


f) 


\\     ^ 


g^dr 

of'  df" 

f-ft-g 

a-b-d 

rt-^ 

-df'-d* 

n 

ad 

— 

— 

ft 

9% 

bb 

9 

€ 

d 

< 

e 

b 

9 

1 

e/b      ft"b  -rf"' 


')^«| 
•)/' 


d'  ^  df 

■¥&' 

a 


*)df' 


B 


f'-^df' 
6 


If 


\ 


.,e/''b 


*)df"* 


where  ')  refer*  to  the  pitch  of  the  mouth,  and  »)  to  that  of  the  pharynx.* 

And  oo  p.  109  Mcricel  gives  the  following  as  the  resulu  of  his  most  rew»nt  experi* 
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partial  tones  in  the  vowels,  and  I  was  not  acquainted  with  them 
when  my  previous  accoimts  were  published.*  They  are  best  ob- 
served in  high  notes  of  women's  voices,  or  the  falsetto  of  men's 
voices.  The  upper  partials  of  high  notes  in  that  part  of  the  scale 
are  not  so  nearly  of  the  same  pitch  as  those  of  deeper  notes,  and 
hence  they  are  more  readily  distinguished.  On  6'[>,  for  example, 
women's  voices  could  easily  bring  out  aU  the  vowels,  with  a  full 
quality  of  tone,  but  at  higher  pitches  the  choice  is  more  limited. 
When  b'\}  is  sung,  then,  the  Twelfth  /''^  is  heard  for  the  broad  A, 
the  double  Octave  b'''\}  for  E,  the  high  Third  df"'  for  I,  all  clearly, 
the  last  even  piercingly.     [See  table  on  p.  181,  note.] 

In  these  experiments  it  must  be  remembered  that  certain 
vowels  speak  better  in  certain  parts  of  the  scale  than  in  others.* 
So  far  as  my  own  observations  go,  which,  however,  have  not  been 
extensive  in  this  division  of  my  subject,  vowels  always  speak  best 
when  their  characteristic  tone  is  a  little  higher  than  that  of  the 
note  simg,  and  those  speak  next  best  which  have  a  characteristic 
tone  that  is  the  second  or  third  partial  of  the  note  sung.  Thus, 
for  men's  voices,  U,  having  the  characteristic  pitch  /,  speaks  best 
on  d,  e,  and  /,  and  then,  an  Octave  deeper,  or  F.  E,  with  the 
characteristic  tone  f\  speaks  best  on  the  upper  notes  of  the  bass  d% 
e',  and/^,  and  next  in  order  on  the  harmonic  subtones  of/',  namely, 
/  and  B[>.  At  6'[>,  which  is  the  limit  of  my  own  falsetto,  I  can 
only  sing  0,  A,  or  A**,  for  which  6'[>  is  characteristic.  The  in- 
fluence of  the  vowels  is  most  striking  on  those  notes  which  are 
diflBcult  to  reach  because  they  lie  at  the  limits  of  the  voice.  Be- 
low </  all  female  voices  incline  to  an  obscure  0  or  0",  the  proper 
tones  of  these  vowels  lying  in  this  neighbourhood.  In  women's 
high  notes,  above  e"  or  /'' ,  the  vowel  A  speaks  best,  its  charac- 
teristic tone  being  6''[>.  Above  6''[>  the  vowel  I  soimds  best ;  it« 
proper  tone  lies  an  Octave  higher,  and  it  is  more  agreeable  to  the 
ear  than  A,  which  lies  at  the  same  height.' 

1  'Gelehrte  Anzeigen  der  Bajerischen  AJLademie  der  'Wissenschaften,' June  18, 
1869. 

'  These  differences,  which  are  clearly  of  great  importance  for  singers,  have  been 
farther  considered  in  £.  Sieler,  'Altes  und  Neues  fiber  die  Ausbildungdes  Qesangorgans/ 
Leipzig,  1861,  p.  62. — G.  Engel,  *Die  Vocal-Theorie/  Berlin,  1867,  and  the  same  author's 
paper  in  Eeichert's  *  Archiv  fur  Anatomic,'  1869,  p.  309.  [Madame  E.  Seiler*s  work 
has  been  translated  into  English,  under  the  title :  *  The  Voice  in  Singing/  Phila- 
delphia, J.  B.  Lippincott  and  Co.,  1871.  The  passage  referred  to  is  p.  102  of  this 
translation  — Translator.] 

*  [The  vowel  actually  best  suited  to  the  pitch  sung,  varies  also  with  the  reqisier  in 
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When,  for  the  purpose  of  observing  the  partial  tones,  a  note  is 
chosen  for  singing,  and  it  happens  to  be  one  for  which  certain  * 
vowels  speak  with  remarkable  power,  the  upper  partials  are  heard 
proportionablj  too  loud.  This  is  not  of  much  consequence  in  the 
deeper  male  voices,  because  U  and  I  are  the  only  vowels  which 
have  reinforcements  at  a  low  pitch;  and  that  pitch  lies  in  the 
most  convenient  middle  region  of  the  voice,  where  the  strength 
of  the  different  vowels  can  be  easily  equalised.  For  female  voices, 
on  the  other  hand,  the  influence  is  much  greater.  Thus  the  high 
soprano  notes,  which  fall  into  the  reinforcing  region  of  the  vowel 
A,  speak  so  much  more  powerfully  on  A  than  on  any  other  vowel, 
that  even  the  upper  partials  of  such  an  A,  lying  in  the  upper  half 
of  the  thrice-accented  Octave,  come  out  much  stronger  than  the 
partial  tones  of  E  and  I,  which  are  here  reinforced.  Hence  we 
must  always  select  from  among  the  harmonic  subtones  of  the 
resonator  applied,  one  on  which  the  singer  can  give  the  vowels 
mider  observation  for  comparison,  with  equal  power,  or  at  least 
warn  him  to  moderate  his  tone  in  the  favourable  cases,  so  as  to 
bring  them  down  to  the  level  of  the  unfavourable.  In  observa- 
tions with  resonators  as  well  as  with  tuning-forks,  I  have  found 
the  pitch  of  the  reinforced  partial  tones  the  same  in  several  female 
voices  as  in  male  voices,  with  the  exception  that  in  women  the 
reinforced  tones  of  U  and  I  were  too  deep  to  be  sensible. 

A  peculiar  circimistance  must  also  be  mentioned  which  distin- 
guishes the  himtian  voice  from  all  other  instruments  and  has  a  pe- 
culiar relation  to  the  human  ear.  Above  the  higher  reinforced 
partial  tones  of  I,  in  the  neighbourhood  of  e'^'^  up  to  g^"\  the 
notes  of  a  pianoforte  have  a  peculiar  cutting  effect,  and  we  might 
be  easily  led  to  believe  that  the  hammers  were  too  hard,  or  that 
their  mechanism  somewhat  differed  from  that  of  the  adjacent 
notes.  But  the  phenomenon  is  the  same  on  all  pianofortes,  and 
if  a  very  small  glass  tube  or  sphere  is  applied  to  the  ear,  the  cut- 
ting effect  ceases,  and  these  notes  become  as  soft  and  weak  as  the 
rest,  but  another  and  deeper  series  of  notes  now  becomes  stronger 
and  more  cutting.  Hence  it  follows  that  the  human  ear  by  its  own 
resonance  favours  the  tones  between  e'^^'  and  g^''\  or,  in  other  words, 

which  it  is  song.  On  the  boundaries  of  the  registers  in  any  voice  there  are  generally 
aereral  notes  which  can  be  sung  in  either  register.  The  scale  of  vowels  which  seems 
to  ascend  from  U  towards  I  with  the  ascending  voice,  retrogrades  when  the  register  is 
dianged.     Observations  on  this  subject  are  stiU  much  needed. — TransUUar.] 
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that  it  is  tuned  to  one  of  these  pitches.'     These  notes  produce   a 
•  feeling  of  pain  in  sensitive  ears.  Hence  the  upper  partial  tones  which 
have  nearly  this  pitch,  if  any  such  exist,  are  extremely  prominent 
and  affect  the  ear  powerfully.     This  is  generally  the  case  for  the 
human  voice  when  it  is  strained,  and  will  help  to  give  it  a  scream- 
ing effect.     In  powerful  male  voices  singing  forte,  these  partial 
tones  sound  like  a  clear  tinkling  of  little  bells,  accompanying  the 
voice,  and  are  most  audible  in  choruses,  when  the  singers  shout  a 
little.     Every  individual  male  voice  at  such  pitches  produces  dis- 
sonant upper  partials.     When  basses  sing  their  high  e',  the  7th* 
partial  tone  is  d'^'^  the  8th  ^"\  the  9th  f""%  and  the  lOth 
g'"'%.   Now,  if  ^'''  and/'''' %  are  loud,  and  d""  and  ^""JJ,  though 
weaker,  are  audible,  there  is  of  course  a  sharp  dissonance.     If 
many  voices  are  sounding  together,  producing  these  upper  partials 
with  small  differences  of  pitch,  the  result  is  a  very  peculiar  kind 
of  tinkling,  which  is  readily  recognised  a  second  time  when  atten- 
tion has  been  once  drawn  to  it.    I  have  not  noticed  any  difference 
of  effect  for  different  vowels  in  this  case,  but  the  tinkling  ceases 
as  soon  as  the  voices  are  taken  'piano ;  although  the  tone  produced 
by  a  chorus  will  of  course  still  have  considerable  power.     This 
kind  of  tinkling  is  peculiar  to  human  voices ;  orchestral  instru- 
ments do  not  produce  it  in  the  same  way  either  so  sensibly  or  so 
powerfully.     I  have  never  heard  it  from  any  other  musical  instru- 
ment so  clearly  as  &om  human  voices. 

The  same  upper  partials  are  heard  also  in  soprano  voices  when 
they  sing  forte  ;  in  harsh,  uncertain  voices  they  are  tremulous,  and 
hence  shew  some  resemblance  to  the  tinkling  heard  in  the  tones 
of  male  voices.  But  I  have  heard  them  brought  out  with  exact 
purity,  and  continue  to  sound  on  perfectly  and  quietly,  in  some 
steady  and  harmonious  female  voices,  and  also  in  some  excellent 
tenor  voices.  In  the  melodic  progression  of  a  voice  part,  I  then 
hear  these  high  upper  partials  of  the  four-times  accented  Octave, 
falling  and  rising  at  different  times  within  the  compass  of  a  minor 
Third,  according  as  different  upper  partials  of  the  notes  sung  enter 

*  I  have  lately'found  that  my  right  ear  is  most  sensitive  for/*'",  and  my  left  for  c^'. 
When  I  drive  air  into  the  passage  leading  to  the  tympanum,  the  resonance  descends  to 
d'"%  and  gf'%.  The  chirp  of  the  cricket  corresponds  precisely  to  the  higher  resonance, 
and  on  merely  applying  a  short  paper  tube  to  the  entrance  of  my  ear,  this  chirp  is 
rendered  eztraordrnarily  weak. 

*  [The  first  sis  partial  tones  are  «',  «",  h'\  tf",  g"%  l/'\  the  seventh  is  slightly 
flatter  than  d"'',^Trantlaior.'\ 
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the  region  for  which  our  ear  is  so  sensitive.  It  is  certainly  remark- 
able that  it  s^hould  be  precisely  the  human  voice  which  is  so  rich  in 
those  upper  partials  for  which  the  human  ear  is  so  sensitive. 
Madame  E.  Seiler,  however,  remarks  that  dogs  are  also  veiy  sensi- 
tive for  the  high  ^'"  of  the  violin. 

This  reinforcement  of  the  upper  partial  tones  belonging  to  the 
middle  of  the  four-times  accented  Octave,  has,  however,  nothing 
to  do  with  the  characterisation  of  vowels  :  I  have  only  mentioned 
it  because  these  high  tones  are  readily  remarked  in  investigations 
into  the  vowel  qualities  of  tone,  and  the  observer  must  not  be 
misled  to  consider  them  as  peculiar  characteristics  of  individual 
vowels.     They  are  simply  a  characteristic  of  strained  voices. 

The  humming  tone  heard  when  singing  with  closed  mouth, 
lies  nearest  to  U.     This  hmn  is  used  in  uttering  the  consonants 
M,  N  and  N*.     The  size  of  the  exit  of  the  air  (the  nostrils)  is  in 
this  case  much  smaller  in  comparison  with  the  resonant  chamber 
(the  internal  nasal  cavity)  than  the  opening  of  the  lips  for  U  in 
comparison  with  the  corresponding  resonant  chamber  in  the  mouth. 
Hence,  in  humming,  the  peculiarities  of  the  U  tone  are  much  en- 
hanced.    Thus  although  upper  partials  are  present,  even  up  to  a 
considerably  high  pitch,  yet  they  decrease  in  strength  as  they  rise 
in  pitch  much  faster  than  for  U.     The  upper  Octave  is  tolerably 
strong  in  humming,  but  all  the  higher  partial  tones  are  weak. 
Humming  in  the  N-position  diflfers  a  little  from  that  in  the  M- 
position,  by  having  its  upper  partials  less  damped  than  for  M. 
But  it  is  only  at  the  instant  when  the  cavity  of  the  mouth  is 
opened  or  closed  that  a  clear  difference  exists  between  these  con- 
sonants.    We  cannot  enter  into  the  details  of  the  composition  of 
the  sound  of  the  other  consonants,  because  they  produce  noises 
which  have  no  constant  pitch,  and  are  not  musical  tones,  to  which 
we  have  here  to  confine  our  attention. 

The  theory  of  vowel  sounds  here  explained  may  be  confirmed 
by  experiments  with  artificial  reed  pipes,  to  which  proper  resonant 
chambers  are  attached.  This  was  first  done  by  Willis,  who  attached 
reed  pipes  to  cylindrical  chambers  of  variable  length,  and  pro- 
duced different  tones  by  increasing  the  length  of  the  resonant 
tube.  The  shortest  tubes  gave  him  I,  and  then  E,  A,  0,  up 
to  U,  until  the  tube  exceeded  the  length  of  a  quarter  of  a 
wave.  On  further  increasing  the  length  the  vowels  returned 
in  converse  order.     His   determination  of  the  pitch  of  the  re- 
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sonant  pipes  agrees  well  with  mine  for  the  deeper  vowels.  The 
pitch  found  by  Willis  for  the  higher  vowels  was  relatively  too 
high,  because  in  this  case  the  length  of  the  waves  was  smaller 
than  the  diameter  of  the  tubes,  and  consequently  the  usual  calcu- 
lation of  pitch  from  the  length  of  the  tubes  alone  was  no  longer 
applicable. 

The  vowels  E  and  I  were  also  far  from  accurately  resembling 
those  of  the  voice,  because  the  second  resonance  was  absent,  and 
hence,  as  Willis  himself  states,  they  could  not  be  well  distin- 
guished. 


Vowel 

In  the  Word' 

Pitch, 
Willis 

Pitch, 
Hehnholts 

Length  of  Tube 
in  Inches 

0 

A 
E 
I 

No 

Nought 

Paw 

Part 

Pad 

Pay 

Pet 

See 

d"\ 

r 

d!'" 

f 
d"'h 

&'" 
d'" 

4-7 

3-8 

305 

22 

1-8 

10 

0-6 

0-38  (P) 

The  vowels  are  obtained  much  more  clearly  and  distinctly  with 
properly  tuned  resonators,  than  with  cylindrical  resonance  chambers. 
On  applying  to  a  reed  pipe  which  gave  &[>,  a  glass  resonator  tuned 
to  &[>,  I  obtained  the  vowel  U ;  changing  the  resonator  to  one 
tuned  for  6'[>,  I  obtained  0  ;  the  h"\^  resonator  gave  a  rather  close 
A,  and  the  dl"  resonator  a  clear  A.  Hence  by  tuning  the  applied 
chambers  in  the  same  way  we  obtain  the  same  vowels  quite  inde- 
pendently of  the  form  of  the  chamber  and  nature  of  its  walls.  I 
also  succeeded  in  producing  various  grades  of  A,  0,  E,  and  I  with 

>  [Probably  the  first  treatise  on  phonology  in  which  Willis's  experiments  were 
given  at  length,  and  the  above  table  cited,  with  Wheatstone's  article  from  the  *  London 
and  Westminster  Review,'  which  was  kindly  brought  under  my  notice  by  Sir  Charles 
Wheatstone  himself,  was  my  Alphabet  of  Nature,  London,  1846.  The  table  includes 
U  exemplified  by  but,  boot,  with  an  indefinite  length  of  pipe.  The  word  pad  is  mis- 
printed paa  in  all  the  German  editions  of  Helmholtz,  and  as  he  therefore  could  not 
separate  its  A  fix>m  that  in  jNir^,  he  gives  no  pitch.  It  is  really  the  nearest  English 
representative  of  the  German  X.  The  sounds  in  nought,  paw,  which  Sir  John 
Herschell,  when  citing  Willis  (Art.  'Sound,*  in  *Encyc.  Metropol.,' par.  876),  could  not 
distinguish,  were  probably  meant  for  the  broad  Italian  open  O,  or  English  o  in  more, 
and  the  English  aw  in  maw  respectively.  The  length  of  the  pipe  in  inches  is  here 
added  from  WiUis*s  paper.  I  have  heard  Willis's  experiments  repeated  by  Wheat- 
stone. — Ihinalator.'] 
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the  same  reed  pipe,  by  applying  glass  spheres  into  whose  external 
opening  glass  tubes  were  inserted  &om  6  to  10  centimetres  (2*36 
to  3*93,  say  2^  to  4  inches)  in  length,  in  order  to  imitate  the 
doable  resonance  of  the  oral  cavity  for  these  vowels. 

Willis  has  also  given  another  interesting  method  for  producing 
Towels,  If  a  toothed  wheel,  with  many  teeth,  is  turned  round 
rapidly,  and  a  spring  be  applied  to  its  teeth,  the  spring  will  be 
raised  by  each  tooth  as  it  passes,  and  a  tone  will  be  produced 
having  its  vibrational  number  equal  to  the  number  of  teeth  by 
which  it  has  been  struck  in  a  second.  Now  if  one  end  of  the 
spring  is  well  fastened,  and  the  spring  be  set  in  vibration,  it  will 
itself  produce  a  tone  which  will  increase  in  pitch  as  the  spring  di- 
minishes in  length.  If  then  we  turn  the  wheel  with  a  constant 
velocity,  and  allow  a  watch  spring  of  variable  length  to  strike 
against  its  teeth,  we  shall  obtain  for  a  long  spring  a  quality  of 
tone  resembling  U,  and  as  we  shorten  the  spring  other  qualities 
in  succession  like  0,  A,  E,  I,  the  tone  of  the  spring  here  playing 
the  part  of  the  reinforced  tone  which  determines  the  vowel. 
But  this  imitation  of  the  vowels  is  certainly  much  less  complete 
than  that  obtained  by  reed  pipes.  The  reason  of  this  process  also 
evidently  depends  upon  our  producing  compound  tones  in  which 
certain  upper  partials  (which  in  this  case  correspond  with  the 
proper  tones  of  the  spring  itself)  are  more  reinforced  than  others. 

Willis  himself  advanced  a  theory  concerning  the  natiu-e  of 
vowel  tones  which  differs  from  that  I  have  laid  down  in  agreement 
with  the  whole  connection  of  all  other  acoustical  phenomena. 
Willis  imagines  that  the  pulses  of  air  which  produce  the  vowel 
qualities,  are  themselves  tones  which  rapidly  die  away,  corre- 
sponding to  the  proper  tone  of  the  spring  in  his  last  experiment, 
or  the  short  echo  produced  by  a  pulse  or  a  little  explosion  of  air  in 
the  mouth,  or  in  the  resonance  chamber  of  a  reed  pipe.  In  fact 
something  like  the  sound  of  a  vowel  will  be  heard  if  we  only  tap 
against  the  teeth  with  a  little  rod,  and  set  the  cavity  of  the  mouth 
in  the  position  required  for  the  diflferent  vowels.  Willis's  descrip- 
tion of  the  motion  of  sound  for  vowels  is  certainly  not  a  great  way 
from  the  truth ;  but  it  only  assigns  the  mode  in  which  the  motion 
of  the  air  ensues,  and  not  the  corresponding  reaction  which  this 
produces  in  the  ear.  That  this  kind  of  motion  as  well  as  all 
others  is  actually  resolved  by  the  ear  into  a  series  of  partial  tones, 
according  to  the  laws  of  sympathetic  resonance,  is  shewn  by  the 
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agreement  of  the  analysis  of  vowel  qualities  of  tone  made  by  the 
miarmed  ear  and  by  iiie  resonators.  This  will  appear  still  more 
clearly  in  the  next  chapter,  where  experiments  will  be  described 
shewing  the  direct  composition  of  vowel  qualities  from  their 
partial  tones. 

Vowel  qualities  of  tone  consequently  are  essentially  distin- 
guished from  the  tones  of  most  other  musical  instruments  by  the 
fact  that  the  loudness  of  their  partial  tones  does  not  depend  upon 
the  numerical  order  but  upon  the  absolute  pitch  of  those  partials; 
thus  when  I  sing  the  vowel  A  to  the  note  E\},  the  reinforced  tone 
b''\}  is  the  12th  partial  tone  of  the  compound ;  and  when  I  sing  the 
same  vowel  A  to  the  note  6'[>,  the  reinforced  tone  is  still  6''|>,  but 
is  now  the  2nd  partial  of  the  compoimd  tone  sung. 


From  the  examples  adduced  to  show  the  dependence  of  quality 
of  tone  from  the  mode  in  which  a  musical  tone  is  compounded, 
we  may  deduce  the  following  general  rules : — 

1.  Simple  Tones,  like  those  of  tuning-forks  applied  to  reso- 
nance chambers  and  wide  stopped  organ  pipes,  have  a  very  soft, 
pleasant  sound,  free  from  all  roughness,  but  wanting  in  power,  and 
dull  at  low  pitches. 

2.  Mu&ical  Tones,  which  are  accompanied  by  a  moderately  loud 
series  of  the  lower  upper  partial  tones,  up  to  about  the  sixth 
partial,^  are  more  harmonious  and  musical.  Compared  with  simple 
tones  they  are  rich  and  splendid,  while  they  are  at  the  same  time 
perfectly  sweet  and  soft  if  the  higher  upper  partials  are  absent. 
To  these  belong  the  musical  tones  produced  by  the  pianoforte, 
open  organ  pipes,  the  softer  piano  tones  of  the  human  voice  and 
of  the  French  horn:  The  last-named  tones  form  the  transition 
to  musical  tones  with  high  upper  partials;  while  the  tones  of 
flutes,  and  of  pipes  on  the  flute-stops  of  organs  with  a  low  pressure 
of  wind,  approach  to  simple  tones. 

3.  If  only  the  uneven  partials  are  present  (as  in  narrow  stopped 
organ  pipes,  pianoforte  strings  struck  in  their  middle  points,  and 

*  [That  is  the  fifth  upper  partial,  excluding  the  primis  tone.  By  an  accident  the 
German  text  says  the  '  sixth  upper  partial/  which  would  be  the  seventh  partial,  and 
produce  some  degree  of  roughness. — Trtmtiatar.'] 
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clarinets),  the  quality  of  tone  is  hollow^  and,  when  a  large  number  of 
such  upper  partials  are  present,  naaal.^  When  the  prime  tone 
predominates  the  quality  of  tone  is  rich  or  fuU ;  but  when  the 
prime  tone  is  not  sufficiently  superior  in  strength  to  the  upper 
partials,  the  quality  of  tone  is  poor  or  empty.  Thus  the  quality 
of  tone  in  the  wider  open  organ  pipes  is  fuller  than  that  in  the 
narrower ;  strings  struck  with  pianoforte  hammers  give  tones  of 
a  fuller  quality  than  when  struck  by  a  stick  or  pulled  by  the 
finger ;  the  tones  of  reed  pipes  with  suitable  resonance  chambers 
have  a  fuller  quality  than  those  without  resonance  chambers. 

4.  When  partial  tones  higher  than  the  sixth  or  seventh  are 
very  distinct,  the  quality  of  tone  is  cutting  and  rough.     The 
reason  for  this  will  be  seen  hereafter  to  lie  in  the  dissonances  which 
they  form  with  one  another.     The  degree  of  harshness  may  be 
very  different.      When  their  force  is  inconsiderable  the  higher 
upper  partials  do  not  essentially  detract  from  the  musical  applica- 
bility of  the  compound  tones  ;  on  the  contrary,  they  are  useful  in 
giving  character  and  expression  to  the  music.     The  most  im- 
portant  musical  tones  of  this  description  are   those  of  bowed 
instruments  and  of  most  reed   pipes,  oboe  (hautbois),  bassoon 
(fagot),  physharmonica  (harmonium,  concertina,  accordion),  and 
the  human  voice.     The  rough,  braying  tones  of  brass  instruments 
are  extremely  penetrating,  and  hence  are  better  adapted  to  give 
the  impression  of  great  power  than  similar  tones  of  a  softer  quality. 
They  are  consequently  little  suitable  for  artistic  music  when  used 
alone,  but  produce  great  eflfect  in  an  orchestra.     Why  high  disso- 
nant upper  partials  should  make  a  musical  tone  more  penetrating 
will  appear  hereafter. 

'  [*  When  the   baCT'P®  sings  i*  the  nose.* — *Merch.  of  W  Act  IV.,  sc.  i.,  v.  49.— 
Trtnulalor.'] 
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CHAPTER  VI. 

ON  THE   APPREnENSIOM   OF  QUALITIBS  OF  TONE. 

Up  to  this  point  we  have  not  endeavoured  to  analyse  given 
musical  tones  further  than  to  determine  the  differences  in  the 
number  and  loudness  of  their  partial  tones.  Before  we  can 
determine  the  fimction  of  the  ear  in  apprehending  qualities  of 
tone,  we  must  inquire  whether  a  determinate  relative  strength  of 
the  upper  partial  tones  suffices  to  give  us  the  impression  of  a 
determinate  musical  quality,  or  whether  there  are  not  also  other 
perceptible  differences  in  quality  which  are  independent  of  such  a 
relation.  Since  we  deal  only  with  muaicdl  tones,  that  is,  with 
such  as  are  produced  by  exactly  periodic  motions  of  the  air,  and 
exclude  all  irregular  motions  of  the  air  which  appear  as  noises,  we 
can  give  this  question  a  more  definite  form.  If  we  suppose  the 
motion  of  the  air  corresponding  to  the  given  musical  tone  to  be 
resolved  into  a  sum  of  pendular  vibrations  of  air,  such  individual 
pendular  vibrations  will  not  only  differ  from  each  other  in  force  or 
amplitude  for  different  forms  of  the  compoimd  motion,  but  also 
in  their  relative  position,  or,  according  to  physical  terminology,  in 
their  difference  of  phase.  For  example,  if  we  superimpose  the  two 
pendular  vibrational  curves  A  and  B,  fig.  31  (p.  175),  first  with  the 
point  e  of  B  on  the  point  do  of  A,  and  next  with  the  point  e  of  B 
on  the  point  d*  of  A,  we  obtain  the  two  entirely  distinct  vibra- 
tional curves  C  and  D.  By  further  displacement  of  the  initial 
point  e  so  as  to  place  it  on  d,  or  d,  we  obtain  other  forms,  which 
are  the  inversions  of  the  forms  G  and  D,  as  has  been  already  shewn 
(supra,  p.  49).  If,  then,  musical  quality  of  tone  depends  solely  on 
the  relative  force  of  the  partial  tones,  all  the  various  motions 
C,  D,  &c.  must  make  the  same  impression  on  the  ear.  But  if  the 
relative  position  of  the  two  waves,  that  is  the  difference  of  phase, 
produces  any  effect,  they  must  make  different  impressions  on 
the  ear. 

Now  to  determine  this  point  it  was  necessary  to  compound 
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various  musical  tones  out  of  simple  tones  artificially,  and  to  see 
whether  an  alteration  of  quality  ensued  when  force  was  constant 
but  phase  varied.  Simple  tones  of  great  purity,  which  can  have  both 
their  force  and  phase  exactly  regulated,  are  best  obtained  from 
tuning-forks  having  the  lowest  proper  tone  reinforced  by  a 
resonance  chamber,  as  has  been  already  described  (p.  87),  and  thus 
communicated  to  the  air.  To  set  the  tuning-forks  in  veiy  uniform 
motion,  they  were  placed  between  the  limbs  of  a  little  electro- 
magnet, as  shewn  in  fig.  32  (p.  176).  Each  tuning-fork  was  screwed 

Fig.  81. 
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into  a  separate  board  d  d,  which  rested  upon  pieces  of  india- 
rubber  tubing  e  e  that  were  cemented  below  it,  to  prevent  the 
vibrations  of  the  fork  from  being  directly  communicated  to  the 
table  and  hence  becoming  audible.  The  limbs  b  b  of  the  electro- 
magnet are  surrounded  with  wire,  and  its  pole  f  is  directed  to  the 
fork.  There  are  two  clamp  screws  g  on  the  board  d  d  which  are  in 
conductive  connection  with  the  coils  of  the  electro-magnet,  and 
serve  to  introduce  other  wires  which  conduct  the  electric  current. 
To  set  the  forks  in  strong  vibration  the  strength  of  these  streams 
must  alternate  periodically.  These  are  generated  by  a  separate 
apparatus,  described  below  (fig.  33,  p.  178). 
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When  forks  thns  uranged  are  set  in  vibratioa,  very  little 
indeed  of  tbeir  tone  is  heard,  because  tbey  have  so  little  means  of 
conununicating  their  vibrations  to  the  surroiiDding  air  or  adjacent 
solids.  To  make  tbe  tone  strongly  audible,  the  resonance  chamber 
i  which  has  been  previously  tuned  to  tbe  pitch  of  the  fork,  must 
be  brought  near  it.  This  resonance  chamber  is  fastened  to  another 
board  k,  which  slides  in  a  proper  groove  made  in  the  board  d  d, 
and  thus  allows  its  opening  to  be  brought  vety  near  to  tbe  fork. 
In  the  figure  the  resonance  chamber  it  shewn  at  a  distance  from 
the  fork  in  order  to  exhibit  tbe  separate  parts  distinctly ;  when  in 


use,  it  is  brought  as  closely  as  possible  to  the  fork.  The  mouth  of 
the  resonance  chamber  can  be  closed  by  a  lid  1  attached  to  a  lever 
m.  By  pulling  the  string  n  the  lid  is  withdrawn  from  the  opening 
and  the  tone  of  tbe  fork  is  communicated  to  the  air  wit-h  great 
force.  When  tbe  thread  ia  let  loose,  the  lid  is  brought  over  the 
mouth  of  the  chamber  by  the  spring  p,  and  the  tone  of  the  fork  is 
no  longer  heard.  By  partial  opening  of  the  mouth  of  the  chamber, 
the  tone  of  the  fork  can  be  made  to  receive  any  desired  interme- 
diate degree  of  strength.     The  whole  of  the  strings  which  open  the 
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various  resonance  chambers  belonging  to  a  series  of  such  forks  are 
attached  to  a  keyboard  in  such  a  way  that  by  pressing  a  key  the 
corresponding  chamber  is  opened. 

At  first  I  had  eight  forks  of  this  kind,  giving  the  tones  B\}  and 
its  first  seven  harmonic  upper  partials,  namely  6[>,  f\  h^\^^  d!\  /'', 
«"[>,'  and  6"[>.  The  prime  tone  B^  corresponds  to  the  pitch  in 
which  bass  voices  naturally  speak.  Afterwards  I  had  forks  made 
of  the  pitches  dl'^  f'\  a"y  and  V''\^,  and  assumed  6^  ^r  the 
prime  tone  of  the  compound. 

To  set  the  forks  in  motion,  intermittent  electrical  currents  had 
to  be  conducted  through  the  coils  of  the  electro-magnet,  giving  as 
many  electrical  shocks  as  the  lowest  forks  made  vibrations  in  a 
second,  namely  120.  Every  shock  makes  the  iron  of  the  electro- 
magnet b  b  momentarily  magnetic,  and  hence  enables  it  to  attract 
the  prongs  of  the  fork,  which  are  themselves  rendered  permanently 
magnetic.  The  prongs  of  the  lowest  fork  B|^  ai*e  thus  attracted 
by  the  poles  of  the  electro-magnet,  for  a  very  short  time,  once  in 
ivery  vibration ;  the  prongs  of  the  second  for  h\^  which  moves 
twice  as  fast,  once  every  second  vibration,  and  so  on.  The  vibra- 
tions of  the  forks  are  therefore  both  excited  and  kept  up  as  long  as 
the  electric  currents  pass  through  the  apparatus.  The  vibrations 
of  the  lower  forks  are  very  powerful,  those  of  the  higher  proper* 
tionally  weaker. 

The  apparatus  shewn  in  fig.  33  (p.  178)  serves  to  produce  inter* 
mittent  currents  of  exactly  determinate  periodicity.  A  tuning-fork 
a  is  fixed  horizontally  between  the  limbs  b  b  of  an  electro*magnet ;  at 
its  extremities  are  festened  two  platinum  wires  c  c,  which  dip  into 
two  little  cups  d  filled  half  with  mercury  and  half  with  alcohol, 
forming  the  upper  extremities  of  brass  columns.  These  columns 
have  clamping  screws  i  to  receive  the  wires,  and  stand  on  two 
boards  f,  g,  which  revolve  about  an  axis,  as  at  f,  and  which  can 
each  be  somewhat  raised  or  lowered  by  a  thumb-screw,  as  at  g,  so 
as  to  make  the  points  of  the  platinum  wires  c  c  exactly  touch  the 
mercury  below  the  alcohol  in  the  cups  d.  A  third  clamping  screw 
e  is  in  conductive  connection  with  the  handle  of  the  tuning-fork. 
When  the  fork  vibrates,  and  an  electric  current  passes  through  it 
from  i  to  e,  it  will  be  broken  every  time  that  the  end  of  the  fork  a 
rises  above  the  surface  of  the  mercury  in  the  cup  d,  and  re-made 

'  [A  little  flatter  than  the  a"\>  and  a'"b ,  in  tho  justly  intoned  scale  of  eb . — Trant^ator.^ 
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every  time  the  platinum  wire  dips  again  into  the  mercury.  This 
intermittent  current  being  at  the  same  time  conducted  through  the 
electro-magnet  b  b,  fig.  33,  the  latter  becomes  magnetic  every 
time  it  passes,  and  thus  keeps  up  the  vibrations  of  the  fork  a, 
which  is  itself  magnetic.  Generally  ooly  one  of  the  cups  d  is  uBed 
for  conducting  the  current  inwards.  Alcohol  is  poured  over  the 
mercury  to  prevent  the  latter  from  being  burned  by  the  electrical 
sparks  which  arise  when  the  stream  iB  interrupted.  This  method 
of  interrupting  the  current  was  invented  by  Neef,  who  used  a 
simple  vibrating  spring  in  place  of  the  tuning-fork,  as  may  be 


generally  seen  in  the  inductioo  apparatus  so  much  used  for  medical 
purposes.  But  the  vibrations  of  a  spring  communicate  themselves 
to  all  adjacent  bodies  and  are  for  our  purposes  both  too  audible 
and  too  irregular.  Hence  the  necessity  of  substituting  a  tuning- 
fork  for  the  spring.  The  handle  of  a  well  worked  symmetrical 
tuning-fork  is  extremely  little  agitated  by  the  vibrations  of  the 
fork  and  hence  does  not  itself  agitate  the  bodies  connected  with  it, 
so  powerfully  as  the  fixed  end  of  a  etraight  spring.  The  tuning- 
fork  of  the  apparatus  in  fig.  33,  must  be  in  exact  unison  with  the 
prime  tone  B^-     To  effect  this  I  employ  a  little  clamp  of  steel 
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wire  h,  placed  on  one  of  the  prongs.  By  slipping  this  towards  the 
free  end  of  the  prong  the  tone  is  deepened,  and  by  slipping  it 
towards  the  handle  of  the  fork,  the  tone  is  raised.^ 

When  the  whole  apparatus  is  in  action,  but  the  resonance  cham- 
bers are  closed,  all  the  forks  are  maintained  in  a  state  of  uniform 
motion,  but  no  sound  is  heard,  beyond  a  gentle  humming  caused 
by  the  direct  action  of  the  forks  on  the  air.  But  on  opening  one 
or  more  resonance  chambers,  the  corresponding  tones  are  heard 
with  sufficient  loudness,  and  are  louder  as  the  lid  is  more  widely 
opened.  By  this  means  it  is  possible  to  form  in  rapid  succession, 
different  combinations  of  the  prime  tone  with  one  or  more  har- 
monic upper  partials  having  different  degrees  of  loudness,  and  thus 
produce  tones  of  different  qualities. 

Among  the  natural  musical  tones  which  appear  suitable  for 
imitation  with  forks,  the  vowels  of  the  human  voice  hold  the 
first  rank,  because  they  are  accompanied  by  comparatively  little 
extraneous  noise  and  shew  distinct  differences  of  quality  which  are 
easy  to  seize.  Most  vowels  also  are  characterised  by  comparatively 
low  upper  partials,  which  can  be  reached  by  our  forks  ;  E  and  I 
alone  somewhat  exceed  these  limits.  The  motion  of  the  very  high 
forks  is  too  weak  for  this  purpose  when  influenced  only  by  such 
electrical  currents  as  I  was  able  to  use  without  disturbance  from 
the  noise  of  the  electric  sparks. 

The  first  series  of  experiments  was  made  with  the  eight  forks 
B\^  to  6''l>.  With  these  U,  0,  0,  and  even  A  could  be  imitated ; 
iixe  last  not  very  well  because  of  my  not  possessing  the  upper 
partials  &'^  and  d'^\  which  lie  immediately  above  its  characteristic 
tone  V\},  and  are  sensibly  reinforced  in  the  natural  sound  of  tliis 
voweL  The  prime  tone  B\}  of  this  series,  when  sounded  alone, 
gave  a  very  dull  U,  much  duller  than  could  be  produced  in  speech. 
The  sound  became  more  like  U  when  the  second  and  third  partial 
tones  b\}  and  /'  were  allowed  to  sound  feebly  at  the  same  time.  A 
very  fine  0  was  produced  by  taking  6'[>  strong,  and  6|>,  /',  df'  more 
feebly ;  the  prime  tone  B\}  had,  however,  to  be  somewhat  damped. 
On  suddenly  changing  the  pressure  on  the  keys  and  hence  the 

*  This  apparatus  was  made  by  Fessel  in  Col(  gno.  More  detailed  descriptions  of 
its  separate  parts,  and  instmctions  for  tlio  experiments  to  be  made  by  its  means,  are 
gi?en  in  Appendix  No.  VIII.  [This  apparatus  was  exhibited  by  R  Koenig  (see 
Appendix  No.  II.)  in  the  International  Exhibition  of  1872  in  London,  and  may  also 
be  procured  through  Mr.  Ladd,  Beak  Street,  Regent  Street,  London.— Translator.] 

N  2 


180  ARTIFICIAL  VOWELS.  Part  I, 

position  of  the  lids  before  the  resonance  chambers,  so  as  to  give  B\} 
strong,  and  all  the  upper  partials  weak,  the  apparatus  uttered  a 
good  clear  U  after  the  0. 

A  or  rather  A®  (nearly  o  in  not)  was  produced  by  making  the 
fifth  to  the  eighth  partial  tones  as  loud  as  possible,  and  keeping  the 
rest  under. 

The  vowels  of  the  second  and  third  series,  which  have  higher 
characteristic  tones,  could  be  only  imperfectly  imitated  by  bringing 
out  their  reinforced  tones  of  the  lower  pitch.  Though  not  very 
clear  in  themselves  they  became  so  by  contrast  on  alternation  with 
U  and  0.  Thus  a  passably  clear  A  was  obtained  by  giving  loudness 
chiefly  to  the  fourth  and  fift;h  tones,  and  keeping  down  the 
lower  ones,  and  a  sort  of  E  by  reinforcing  the  third,  and  letting 
the  rest  sound  feebly.  The  difference  between  0  and  these  two 
vowels  lay  principally  in  keeping  the  prime  tone  B\}  and  its 
octave  b\}  much  weaker  for  A  and  E  than  for  0.* 

To  extend  my  experiments  to  the  clearer  vowels,  I  afterwards 
added  the  forks  d/",  f"\  a'''[>,  V")^^  the  two  upper  ones  of  which, 
however,  gave  a  very  faint  tone,  and  I  chose  6[>  as  the  prime  tone 
in  place  of  -B[>.  With  these  I  got  a  very  good  A  and  A,  and  at 
least  a  much  more  distinct  E  than  before.  But  I  could  not  get  up 
to  the  high  characteristic  tone  of  I. 

In  this  higher  series  of  forks,  the  prime  tone  6|>,  when  soimded 
alone,  reproduced  U.  The  same  prime  6[>with  moderate  force,  accom- 
panied with  a  strong  octave  6'[>,  and  a  weaker  Twelfth  /",  gave  0, 
with  the  characteristic  tone  6'[>.  A  was  obtained  by  taking  6[>,  6'[>, 
and  y  moderately  strong,  and  the  characteristic  tones  6''(>  and  dl'* 
very  strong.  To  change  A  into  A  it  was  necessary  to  increase  some- 
what the  force  of  V)^  and  /''  which  were  adjacent  to  the  character- 
istic tone  dl\  to  damp  6''[j,  and  bring  out  d'*'  and  f"  as  strongly  as 
possible.  For  E  the  two  deepest  tones  of  the  series,  6[^  and  6'[^,  had 
to  be  kept  moderately  loud,  as  being  adjacent  to  the  deeper  charac- 
teristic tone  /',  while  the  highest  /''',  a'''[^,  V)^  had  to  be  made  as 
prominent  as  possible.  But  I  have  hitherto  not  succeeded  so  well 
with  this  as  with  the  other  vowels,  because  the  high  forks  were  too 
weak,  and  because  perhaps  the  upper  partials  which  lie  above  the 
highest  characteristic  tone  6'''[>  could  not  be  entirely  dispensed  with.* 

*  The  statements  in  the  Munchener  gehhrte  Anedgen  for  June  20,  1869,  must  be 
corrected  accordingly.  At  that  time  I  did  not  know  the  higher  upper  partials  of  E 
and  I,  and  hence  made  the  0  too  dull  to  distinguish  it  from  the  imperfect  E. 

«  [The  following  tabular  statement  of  the  above  results  will  ser\'e  to  shew  their  rela- 
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In  precisely  the  same  way  as  the  vowels  of  the  human  voice,  it 
is  possible  to  imitate  the  quality  of  tone  produced  by  organ  pipes 
of  different  stops,  but  of  course  the  whizzing  noise,  formed  at  the 
lip  of  the  pipes  as  it  cuts  the  stream  of  air  impinging  on  it,  is 
wanting  in  these  imitations.  The  tuning  forks  are  necessarily 
limited  to  the  imitation  of  the  purely  musical  part  of  the  tone. 
The  piercing  high  upper  partials,  required  for  imitating  reed 
instruments  were  absent,  but  the  nasality  of  the  clarinet  was  given 
by  using  a  series  of  uneven  partials,  and  the  softer  tones  of  the 
French  horn  by  the  full  chorus  of  all  the  forks. 

But  though  it  was  not  possible  to  imitate  every  kind  of  quality 
of  tone  by  the  present  apparatus,  it  sufficed  to  decide  the  impor- 
tant question  as  to  the  effect  of  altered  difference  of  phase  upon 
quality  of  tone.  As  I  particularly  observed  at  the  beginning  of 
this  chapter,  this  question  is  of  fundamental  importance  for  the 
theory  of  auditory  sensation.  The  reader  who  is  unused  to  physical 
investigations  must  excuse  some  apparently  difficult  and  dry 
details  in  the  esplanation  of  the  experiments  necessary  for  its 
decision. 


tioDB  mora  clsarlf.  In  the  fint  line  am  placed  the  nateaof  the  forks  and  the  numhers 
of  the  comepoDding  partials.  The  letters  pp,  p,  mf,  f,  ff  below  them  are  the  ueoal 
musical  inAis^tmsot  {raix,pia7at>iviB,piatu>,iaezto  forte,  forte,  foriiuinu).  Whera 
no  such  mark  is  added  the  partial  is  not  mentioned  in  the  text.  For  the  second  seriea 
of  experiments  the  forks  of  corresponding  pitches  ara  kept  under  the  old  ones,  but 
the  whole  are  now  numberad  as  partials  of  b'^ . 
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Part  I. 


The  simple  means  of  altering  the  phases  of  the  secondary  tones 
consists  in  bringing  the  resonance  chambers  somewhat  out  of  tune 
by  narrowing  their  apertiu-es,  which  weakens  the  resonance,  and  at 
the  same  time  alters  the  phase.  If  the  resonance  chamber  is  tuned 
so  that  the  simple  tone  which  excites  its  strongest  resonance  coin- 
cides with  the  simple  tone  of  the  corresponding  fork,  then,  as  the 
mathematical  theory  shews,^  the  greatest  velocity  of  the  air  at  the 
mouth  of  the  chamber  in  an  outward  direction,  coincides  with  the 
greatest  velocity  of  the  ends  of  the  fork  in  an  inward  direction.  On 
the  other  hand,  if  the  chamber  is  tuned  to  be  slightly  deeper  than 
the  fork,  the  greatest  velocity  of  the  air  slightly  precedes,  and  if 
it  is  tuned  slightly  higher,  that  greatest  velocity  slightly  lags 
behind  the  greatest  velocity  of  the  fork.  The  more  the  tuning  is 
altered,  the  greater  will  be  the  difference  of  phase,  till  at  last  it 
reaches  the  duration  of  a  quarter  of  a  vibration.  The  magnitude 
of  the  difference  of  phase  agrees  during  this  change  precisely  with 
the  strength  of  the  resonance,  so  that  to  a  certain  degree  we  are 
able  to  measure  the  former  by  the  latter.  If  we  represent  the 
strength  of  the  sound  in  the  resonance  chamber  when  in  unison 
with  the  fork  by  10,  and  divide  the  periodic  time  of  a  vibration, 
like  the  circumference  of  a  circle,  into  360  degrees,  the  relation 
between  the  strength  of  the  resonance  and  the  difference  of  phase 
is  shewn  by  the  following  table : — 


strength  of 

Difference  of  Phase  in  angnlar 

Besonauce 

degrees 

10 

O*' 

9 

86«  64' 

8 

60°  12' 

7 

60°  40' 

6 

68°  64' 

5 

76°  81' 

4 

80^  48' 

3 

84°  60' 

2 

87©  42' 

1 

89°  26' 

This  table  shews  that  a  comparatively  slight  weakening  of 
resonance  by  altering  the  tuning  of  the  chamber  occasions  con- 
siderable differences  of  phase,  but  that  considerable  alterations  of 
strength  occasion  relatively  small  changes  of  phase.     We  can  take 

'  See  iVppendix  No.  IX. 
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advantage  of  this  circumstance  when  compounding  the  vowel 
sounds  by  means  of  the  tuning-forks  to  produce  every  possible 
alteration  of  phase.  It  is  only  necessary  to  let  the  lid  shade  the 
mouth  of  the  resonance  chamber  till  the  strength  of  the  tone  ia 
perceptibly  diminished.  As  soon  as  we  have  learned  how  to  esti- 
mate roughly  the  amount  of  diminution  of  loudness,  the  above 
table  gives  us  the  corresponding  alteration  of  phase.  We  are  thus 
able  to  alter  the  vibrations  of  the  tones  in  question  to  any  amount, 
up  to  a  quarter  of  the  periodic  time  of  a  vibration.  Alterations 
of  phase  to  the  amount  of  half  the  periodic  time  are  produced  by 
sending  the  electric  current  through  the  electro-magnets  of  the 
corresponding  fork  in  an  opposite  direction,  which  causes  the  ends 
of  the  fork  to  be  repelled  instead  of  attracted  by  the  electro-mag- 
nets on  the  passage  of  the  current,  and  thus  sets  the  fork  vibrating 
in  the  contrary  direction.  This  counter-excitement  of  the  fork, 
however,  by  repelling  currents,  must  not  be  continued  too  long,  as 
the  magnetism  of  the  fork  itself  would  otherwise  gradually  diminish, 
whereas  attracting  currents  strengthen  it  or  maintain  it  at  a 
maximum.  It  is  well  known  that  the  mag:netism  of  masses  of 
iron  that  are  violently  agitated  is  easily  altered. 

After  a  tone  has  been  compounded,  in  which  some  of  the 
partials  have  been  weakened  and  at  the  same  time  altered  in 
phase  by  the  half-shading  of  the  apertures  of  their  corresponding 
resonance  chambers,  we  can  re-compound  the  same  tone  by  an 
equal  amoimt  of  weakening  in  the  same  partials,  but  without  shading 
the  aperture,  and  therefore  without  change  of  phase,  by  simply 
leaving  the  mouths  of  the  chambers  wide  open,  and  increasing 
their  distances  from  the  exciting  forks,  until  the  required  amount 
of  enfeeblement  of  sound  is  attained. 

For  example,  let  us  iirst  sound  the  forks  B\^  and  b\},  with  fully 
opened  resonance  chambers,  and  perfect  imison.  They  will  vibrate 
as  shewn  by  the  vibrational  forms  fig.  31,  A  and  B  (p.  175),  with 
the  points  e  and  d^  coincident,  and  produce  at  a  distance  the  com- 
pound vibration  represented  by  the  vibrational  curve  C.  But  by 
closing  the  resonance  chamber  of  the  fork  B\)  we  can  make  the 
point  e  on  the  curve  B  coincide  with  the  points  between  d^  and  dj 
on  the  curve  A.  To  make  e  coincide  with  d„  the  loudness  of  B\} 
must  be  made  about  three-quarters  of  what  it  would  be  if  the 
mouth  of  the  chamber  were  unshaded.  The  point  e  can  be  made 
to  coincide  with  d^  by  reversing  the  ciurrent  in  the  electro-magnets 
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and  fully  opening  the  mouth  of  the  resonance  chamber ;  and  then 
by  imperfectly  opening  the  chamber  of  B\}  the  point  e  can  be 
made  to  move  towards  8.  On  the  other  hand,  an  imperfect  open- 
ing of  the  chamber  b\}  will  make  e  recede,  from  coincidence  with 
8  (which  is  the  same  thing  as  coincidence  with  d^)  or  with  d4, 
towards  d^  or  d,  respectively.  The  proportions  of  loudness  may 
be  made  the  same  in  all  these  cases,  without  any  alteration  of 
phase,  by  removing  the  corresponding  chambers  to  the  proper 
distance  from  its  forks  without  shading  its  mouth. 

In  this  manner  every  possible  diflference  of  phase  in  the  tones 
of  two  chambers  can  be  produced.  The  same  process  can  of  course 
be  applied  to  any  required  number  of  forks.  I  have  thus  experi- 
mented upon  numerous  combinations  of  tone  with  varied  dififer- 
ences  of  phase,  and  I  have  never  experienced  the  slightest  difference 
in  the  quality  of  tone.  So  far  as  the  quality  of  tone  was  concerned, 
I  foimd  that  it  was  entirely  indifferent  whether  I  weakened  the 
separate  partial  tones  by  shading  the  mouths  of  their  resonance 
chambers,  or  by  moving  the  chamber  itself  to  a  sufficient  distance 
from  the  fork.  Hence  the  answer  to  the  proposed  question  is: 
the  quality  of  the  musical  portion  of  a  compound  tone  depends 
solely  on  the  number  and  relative  strength  of  its  partial  simple 
tones  J  a/nd  in  no  respect  on  their  differences  of  phase. 

The  preceding  proof  that  quality  of  tone  is  independent  of 
difference  of  phase,  is  the  easiest  to  carry  out  experimentally,  but 
its  force  lies  solely  in  the  theoretical  proposition  that  phases  alter 
contemporaneously  with  strength  of  tone  when  the  mouths  of  the 
resonance  chambers  are  shaded,  and  this  proposition  is  the  result  of 
mathematical  theory  alone.  We  cannot  make  vibrations  of  air 
directly  visible.  But  by  a  slight  change  in  the  experiment  it  may 
be  so  conducted  as  to  make  the  alteration  of  phase  immediately 
visible.  It  is  only  necessary  to  put  the  tuning-forks  themselves 
out  of  tune  with  their  resonance  chambers,  by  attaching  little  Imnps 
of  wax  to  the  prongs.  The  same  law  holds  for  the  phases  of  a 
tuning-fork  kept  in  vibration  by  an  electric  current,  as  for  the 
resonance  chambers  themselves.  The  phase  gradually  alters  by  a 
quarter  period,  while  the  strength  of  the  tone  of  the  fork  is  reduced 
from  a  maximum  to  nothing  at  all,  by  putting  it  out  of  tune.  The 
phase  of  the  motion  of  the  air  retains  the  same  relation  to  the 
phase  of  the  vibration  of  the  fork,  because  the  pitch,  which  is  de- 
termined by  the  number  of  interruptions  of  the  electrical  current 
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in  a  second,  is  not  altered  by  the  alteration  of  the  fork.  The 
change  of  phase  in  the  fork  can  be  observed  directly  by  means  of 
Lissajou's  vibration  microscope,  already  described  and  shewn  in 
fig.  22  (p.  129).  Place  the  prongs  of  the  fork  and  the  microscope 
of  this  instrument  horizontally,  and  the  fork  to  be  examined  ver- 
tically ;  powder  the  upper  end  of  one  of  its  prongs  with  a  little 
starch,  direct  the  microscope  to  one  of  the  grains  of  starch,  and 
excite  both  forks  by  means  of  the  electrical  currents  of  the  inter- 
rupting fork  (fig.  33,  p.  178.)  The  fork  of  Lissajou's  instrument  is 
in  unison  with  the  interrupting  fork.  The  grain  of  starch  vibrates 
horizontally,  the  object  glass  of  the  microscope  vertically,  and 
thus,  by  the  composition  of  these  two  motions,  curves  are  generated, 
just  as  in  the  observations  on  violin  strings  previously  described. 

When  the  observed  fork  is  in  unison  with  the  interrupting 
fork,  the  curve  becomes   an  oblique  straight  line  (fig.  34,   1), 


when  both  forks  pass  through  their  position  of  rest  at  the  same 
moment.  As  the  phase  alters,  the  straight  line  passes  through  a 
long  oblique  ellipse  (2,  3),  till  on  the  diflFerence  of  phase  becoming 
a  quarter  of  a  period,  it  develops  into  a  circle  (4) ;  and  then  as  the 
difference  of  phase  increases,  it  passes  through  oblique  ellipses 
(5, 6)  in  another  direction,  till  it  reaches  another  straight  line  (7), 
on  the  difference  becoming  half  a  period. 

If  the  second  fork  is  the  upper  Octave  of  the  interrupting 
fork,  the  curves  1,  2,  3,  4,  5,  in  fig.  35,  shew  the  series  of  forms. 


Here  3  answers  to  the  case  when  both  forks  pass  through  their 
position  of  rest  at  the  same  time ;  2  and  4  differ  from  that  position 
by  -j^^,  and  1  and  5  by  J  of  a  wave  of  the  higher  fork. 
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If  we  now  bring  the  forks  into  the  most  perfect  possible  unison 
with  the  interrupting  fork,  so  that  both  vibrate  as  strongly  as 
possible,  and  then  alter  their  tuning  a  little  by  putting  on  or 
removing  pieces  of  wax,  we  also  see  one  figure  of  the  microscopic 
image  gradually  passing  into  another,  and  can  thus  easily  assure 
ourselves  of  the  correctness  of  the  law  already  cited.  Experiments 
on  quality  of  tone  are  now  conducted  by  first  bringing  all  the  forks 
as  exactly  as  possible  to  the  pitches  of  the  harmonic  upper  partial 
tones  of  the  interrupting  fork,  then  removing  the  resonance  cham- 
bers to  such  distances  from  the  forks  as  will  give  the  required 
relations  of  strength,  and  finally  putting  the  forks  out  of  tune  as 
much  as  we  please  by  sticking  on  lumps  of  wax.  The  size  of 
these  lumps  should  be  previously  so  regulated  by  microscopical 
observation  as  to  produce  the  required  diflFerence  of  phase.  This, 
however,  at  the  same  time  weakens  the  vibrations  of  the  forks,  and 
hence  the  strength  of  the  tones  must  be  restored  to  its  former 
state  by  bringing  the  resonant  chambers  nearer  to  the  forks. 

The  result  in  these  experiments,  where  the  forks  are  put  out 
of  tune,  is  the  same  as  in  those  where  the  resonance  chambers 
were  put  out  of  tune.  There  is  no  perceptible  alteration  of  quality 
of  tone.  At  least  there  is  no  alteration  so  marked  as  to  be  recog- 
nisable after  the  expiration  of  the  few  seconds  necessary  for  re- 
setting the  apparatus,  and  hence  certainly  no  such  change  of 
quality  as  would  change  one  vowel  into  another. 

An  apparent  exception  to  this  rule  must  here  be  mentioned. 
If  the  forks  B\}  and  6|>  are  not  perfectly  tuned,  and  are  brought 
into  vibration  by  rubbing  or  striking,  an  attentive  ear  will  observe 
very  weak  beats  which  appear  like  small  changes  in  the  strength 
of  the  tone  and  its  quality.  These  beats  are  certainly  connected 
with  the  successive  entrance  of  the  vibrating  forks  on  varying 
difference  of  phase.  Their  explanation  will  be  given  when  com- 
binational tones  are  considered,  and  it  will  then  be  shewn  that 
these  slight  variations  of  quality  are  referable  to  changes  in  the 
strength  of  one  of  the  simple  tones. 

Hence  we  are  able  to  lay  down  the  important  law  that  differ-^ 
ences  in  musical  qwality  of  tone  depend  solely  on  the  presence 
and  strength  of  partial  tones,  and  in  no  respect  on  the  differences 
in  phase  under  which  these  partial  tones  enter  into  composition. 
It  must  be  here  observed  that  we  are  speaking  only  of  musical 
quality  as  previously  defined.     When  the  musical  tone  is  accom- 
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panied  by  unmusical  noises,  such  as  jarring,  scratching,  soughing, 
whizzing,  hissing,  these  motions  are  either  not  to  be  considered  as 
periodic  at  all,  or  else  correspond  to  high  upper  partials,  of  nearly 
the  same  pitch,  which  consequently  form  strident  dissonances. 
We  were  not  able  to  embrace  these  in  our  experiments,  and  hence 
we  must  leave  it  for  the  present  doubtful  whether  in  such  disso- 
nating  tones  difference  of  phase  is  an  element  of  importance* 
Subsequent  theoretic  considerations  will  lead  us  to  suppose  that 
it  really  is. 

If  we  wish  only  to  imitate  vowels  by  compound  tones  without 
being  able  to  distinguish  the  differences  of  phase  in  the  individual 
constituent  simple  tones,  we  can  effect  our  purpose  tolerably  well 
with  organ  pipes.  But  we  must  have  at  least  two  series  of  them, 
loud  open  and  soft  stopped  pipes,  because  the  strength  of  tone 
cannot  be  increased  by  additional  pressure  of  wind  without  at  the 
same  time  changing  the  pitch.  I  have  had  a  double  row  of  pipes 
of  this  kind  made  by  Herr  Appun  in  Hanau,  giving  the  jBirst  six- 
teen partial  tones  of  J?[>.  All  these  pipes  stand  on  a  conmion 
windchest,  which  also  contains  the  valves  by  which  they  can  be 
opened  or  shut.  Two  larger  valves  cut  off  the  passage  from  the 
windchest  to  the  bellows.  While  these  valves  are  closed,  the  pipe 
valves  are  arranged  for  the  required  combination  of  tones,  and 
then  one  of  the  main  valves  of  the  windchest  is  opened,  allowing 
all  the  pipes  to  sound  at  once.  The  character  of  the  vowel  is 
better  produced  in  this  way  by  short  jerks  of  sound,  than  by  a  long 
continued  sound.  It  is  best  to  produce  the  prime  tone  and  the 
predominant  upper  partial  tones  of  the  required  vowels  on  both 
the  open  and  stopped  pipes  at  once,  and  to  open  only  the  weak 
stopped  pipes  for  the  next  adjacent  tones,  so  that  the  strong  tone 
may  not  be  too  isolated. 

The  imitation  of  the  vowels  by  this  means  is  not  very  perfect, 
because,  among  other  reasons,  it  is  impossible  to  graduate  the 
strength  of  tone  on  the  different  pipes  so  delicately  as  on  the 
tuning  forks,  and  the  higher  tones  especially  are  too  screaming. 
But  the  vowel  sounds  thus  composed  are  perfectly  recognisable. 

We  proceed  now  to  consider  the  part  played  by  the  ear  in  the 
apprehension  of  quality  of  tone.  The  assumption  previously  made 
respecting  the  function  of  the  ear,  was  that  it  was  capable  of  dis- 
tinguishing both  the  vibrational  number  of  a  musical  tone  (which 
gives  the  pitch),  and  also  the  f(/nn  of  the  vibrations  (on  which  the 
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difference  of  quality  depends).  This  last  assertion  was  based  simply 
on  the  exclusion  of  all  other  possible  assumptions.  As  it  could 
be  proved  that  equality  of  pitch  always  required  equal  vibrational 
numbers,  and  as  loudness  visibly  depended  upon  the  magnitude  of 
the  vibrations,  the  quality  of  tone  must  necessarily  depend  on 
something  which  was  neither  the  number  nor  the  magnitude  of 
the  vibrations.  There  was  nothing  left  us  but  form.  We  can 
now  make  this  view  more  definite.  The  experiments  just  described 
shew  that  waves  of  very  different  forms  (as  fig.  31,  C,  D,  p.  175, 
and  fig.  12,  C,  D,  p»  49),  may  have  the  same  quality  of  tone,  and 
indeed,  for  every  case,  except  the  simple  tone,  there  is  an  infinite 
number  of  forms  of  wave  of  this  kind,  because  any  alteration  of 
the  difference  of  phase  alters  the  form  of  wave  without  changing 
the  quality  of  tone.  The  only  decisive  character  of  a  quality  of 
tone,  is  that  the  motion  of  the  air  which  strikes  the  ear  when  re- 
solved into  a  sum  of  pendular  vibrations  gives  the  same  degree  of 
strength  to  the  same  simple  vibration. 

Hence  the  ear  does  not  distinguish  the  different  forms  of  waves 
in  themselves,  as  the  eye  distinguishes  the  different  vibrational 
curves.  The  ear  must  be  said  rather  to  decompose  every  wave 
form  into  simpler  elements  according  to  a  definite  law.  It  then 
receives  a  sensation  from  each  of  these  simpler  elements  as  from 
an  harmonious  tone.  By  trained  attention  the  ear  is  able  to  be- 
come conscious  of  each  of  these  simpler  tones  separately.  And 
what  the  ear  distinguishes  as  different  qualities  of  tone  are  only 
different  combinations  of  these  simpler  sensations. 

The  comparison  between  ear  and  eye  is  here  very  instructive. 
When  the  vibrational  motion  is  rendered  visible,  as  in  the  vibration 
microscope,  the  eye  is  capable  of  distinguishing  every  possible 
different  form  of  vibration  one  from  another,  even  such  as  the  ear 
cannot  distinguish.  But  the  eye  is  not  capable  of  directly 
resolving  the  vibrations  into  simple  vibrations,  as  the  ear  is. 
Hence  the  eye,  assisted  by  the  above-named  instrument,  really 
distinguishes  the  form  of  vibration,  as  such,  and  in  so  doing  dis- 
tinguishes every  different  form  of  vibration.  The  ear,  on  the  other 
hand,  does  not  distinguish  every  different  form  of  vibration,  but 
only  such  as  when  resolved  into  pendular  vibrations,  give  different 
constituents.  But  on  the  other  hand,  by  its  capability  of  dis- 
tinguishing and  feeling  these  very  constituents,  it  is  again  superior 
to  the  eye,  which  is  quite  incapable  of  so  doing. 
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This  analysis  of  compound  into  simple  pendular  vibrations  is 
an  astounding  property  of  the  ear.  The  reader  must  bear  in  mind 
that  when  we  apply  the  term  *  compound '  to  the  vibrations  pro- 
duced by  a  single  musical  instrument,  the  *  composition '  has  no 
existence  except  for  our  auditory  perceptions,  or  for  mathematical 
theory.  In  reality,  the  motion  of  the  particles  of  the  air  is  not  at 
all  compound,  it  is  quite  simple,  flowing  from  a  single  source. 
When  we  turn  to  external  nature  for  an  analogue  of  such  an 
analysis  of  periodical  motions  into  simple  motions,  we  find  none 
but  the  phenomena  of  sympathetic  vibration.  In  reality  if  we 
suppose  the  dampers  of  a  pianoforte  to  be  raised,  and  allow  any 
musical  tone  to  impinge  powerfully  on  its  sounding  board,  we  bring 
a  set  of  strings  into  sympathetic  vibration,  namely  all  those  strings, 
and  only  those,  which  correspond  with  the  simple  tones  contained 
in  the  given  musical  tone.  Here,  then,  we  have  a  purely  mechanical 
repetition  of  the  resolution  of  air  waves  by  the  ear.  The  air  wave, 
quite  simple  in  itself,  brings  a  certain  number  of  strings  into 
sympathetic  vibration,  and  the  sympathetic  vibration  of  these 
strings  depends  on  the  same  law  as  the  sensation  of  harmonic 
upper  partial  tones  in  the  ear.* 

There  is  necessarily  a  certain  diflFerence  between  the  two  kinds 
of  apparatus,  because  the  pianoforte  strings  readily  vibrate  with 
their  upper  partials  in  sympathy,  and  hence  separate  into  several 
vibrating  sections.  We  will  disregard  this  peculiarity  in  making 
our  comparison.  It  would  besides  be  easy  to  make  an  instrument 
in  which  the  strings  would  not  vibrate  sensibly  or  powerfully  for 

1  [On  a  piano,  tune  the  notes  Bb ,  6b ,  /,  l/b ,  <f ',/',  a"b ,  l/'\> ,  c"\  d"\  ^"'b ,/", 
f\  o^'b,  a"',  y'b  accurately  to  the  16  partial  tones  of  Bb.  Observe  that  the  7th 
and  14th,  a"b  and  a'"b,  are  flatter  than  the  a"\>  and  a'"b  in  the  key  of  «b  (that  is, 
than  the  Fourths  above  the  e"b  and  e'"b ,  which  are  the  Fourths  above  A'b  and  b"b  ), 
in  the  proportion  of  63  :  64,  also  that  the  11th  e"'b  is  sharper  tlian  the  Fourth  above 
h^b  in  the  proportion  of  33  :  32 ;  and  that,  on  the  other  hand,  the  13th  y"'  ie  flatter 
than  the  migor  Sixth  above  b"b  in  the  proportion  of  39  :  40.  In  tuning,  at  first  omit 
these  7th,  11th,  and  13th  partial  tones,  and  then  insert  them  afterwards  by  estimation. 
The  other  13  tones  are  easy  to  tune  correctly.  After  these  notes  have  been  all  cor- 
rectly toned,  place  weights  on  the  finger  keys  and  thus  raise  the  dampers  of  these  16 
partial  tones,  keeping  the  other  strings  damped.  Expose  the  sounding  board  and  sing 
the  vowels  loudly  to  5b .  The  echo  will  be  very  true,  much  more  so  than  on  a  piano 
M  usually  tuned,  where  the  strings  are  only  approximately  sympathetic,  and  hence  do 
not  vibrate  so  powerfuUy  in  sympathy.  Such  an  instrument  may  evidently  be  made 
araiJable  for  varying  many  experiments  previously  described.  The  caution  in  the  next 
paragraph  of  the  text  must,  however,  not  be  overlooked. —  Ihtnslator.] 
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any  but  tbeir  prime  tooes,  by  simply  loading  the  strings  slightly 
in  the  middle.  This  would  make  their  higher  proper  tones  inhar- 
monic to  their  primes. 

Now  suppose  we  were  able  to  connect  every  string  of  a  piano 
with  a  nervous  fibre  in  such  a  manner  that  this  fibre  would  be 
excited  and  experience  a  sensation  every  time  the  string  vibrated. 
Then  every  musical  tone  which  impinged  on  the  instrument  would 
excite,  as  we  know  to  be  really  the  case  in  the  ear,  a  series  of 
seneations  exactly  corresponding  to  the  pendular  vibrations  into 
which  the  original  motion  of  the  air  had  to  be  resolved.  By  this 
means,  then,  tiie  existence  of  each  partial  tone  would  be  exactly  so 
.  perceived,  as  it  really  is  perceived  by  the  ear.  The  Bensations 
excited  by  the  different  higher  partials  would  imder  the  supposed 

Pio.  36. 


conditions  iall  to  the  lot  of  different  nervous  fibres,  and  hence 
be  produced  perfectly,  separately,  and  independently. 

Now,  as  a  matter  of  fact,  later  microscopic  discoveries  respect- 
ing the  internal  construction  of  the  ear,  lead  to  the  hypothesis, 
that  arrangements  exist  in  the  ear  similar  to  those  which  we 
have  imagined.  The  end  of  every  fibre  of  the  auditory  nerve  is 
connected  with  small  elastic  parts,  which  we  cannot  but  assume  to 
be  set  in  sympathetic  vibration  by  the  waves  of  sound. 

ITie  construction  of  the  ear  may  be  briefly  described  as 
follows:— The  fine  ends  of  the  fibres  of  the  auditory  nerves  are 
expanded  on  a  delicate  membrane  in  a  cavity  filled  with  fluid. 
Owing  to  its  involved  form  this  cavity  is  known  as  the  labyrmth. 
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To  conduct  the  vibrations  of  the  air  with  sufficient  force  into 
the  fluid  of  the  labyrinth  is  the  office  of  a  second  portion  of  the 
ear,  the  tyTnpdnum  or  drum  and  its  parts.  Fig.  36  (p.  190)  is 
a  diagrammatic  section,  of  the  size  of  life,  shewing  the  cavities 
belonging  to  the  auditory  apparatus.  A  is  the  labyrinth,  B  B  the 
cavity  of  the  tympanum  or  drum,  D  the  funnel-shaped  entrance 
into  the  meatus  or  external  auditory  passage,  narrowest  in  the 
middle  and  expanding  slightly  towards  its  extremity.  This  msatus, 
in  the  ear  or  passage,  is  a  tube  formed  partly  of  cartilage  or  gristle 
and  partly  of  bone,  and  it  is  separated  from  the  tympanum  or 
drum,  by  a  thin  circular  membrane,  the  membrdna  tympdnl  or 
drumskin^  c  c,  which  is  rather  laxly  stretched  in  a  bony  ring. 
The  drum,  (tympanum)  B  lies  between  the  outer  passage  (meatus) 
and  the  labyrinth.  The  drum  is  separated  from  the  labyrinth  by 
bony  walls,  pierced  with  two  holes,  closed  by  membranes.  These 
are  the  so-called  wvadowa  {fene^^trae)  of  the  labyrinth.  The  upper 
one  o,  called  the  oval  window  {Jeneeftra  ovdlis)^  is  connected  with 
one  of  the  ossicles  or  little  bones  of  the  ear  called  the  stirrup. 
The  lower  or  round  window  r  (fenes^tra  rotun^da)  has  no  connec- 
tion with  these  ossicles. 

The  drum  of  the  ear  is  consequently  completely  shut  ofiF  from 
the  external  passage  and  from  the  labyrinth.  But  it  has  free 
access  to  the  upper  part  of  the  pharynx  or  throat,  through  the 
so-called  Eustachian^  tvhe  E,  which  iij  Germany  is  termed  a 
trumpet^  because  of  the  trumpet-like  expansion  of  its  pharyngeal 
extremity  and  the  narrowness  of  its  opening  into  the  drum.  The 
end  which  opens  into  the  drum  is  formed  of  bone,  but  the 
expanded  pharyngeal  end  is*  formed  of  thin  flexible  cartilage  or 
gristle,  split  along  its  upper  side.  The  edges  of  the  split  are 
closed  by  a  sinewy  membrane.  By  closing  the  nose  and  mouth, 
and  either  condensing  the  air  in  the  mouth  by  pressure,  or  rarefying 
it  by  suction,  air  can  be  respectively  driven  into  or  drawn  out  of 
the  drum  through  this  tube.  At  the  entrance  of  air  into  the 
drum,  or  its  departure  from  it,  we  feel  a  sudden  jerk  in  the  ear, 
and  hear  a  dull  crack.     Air  passes  from  the  pharynx  to  the  drum, 

'  [In  common  parlance  the  drumtkin  of  the  ear,  or  tympanic  membrane ^  is  spoken 
of  as  the  drum  itself.  Anatomists  as  well  as  drummers  distinguish  the  membranoiu 
corer  (drumskin)  which  is  struck,  from  the  hollow  cavity  (drum)  which  contains  the 
resonant  air.  The  quantities  of  the  Latin  words  are  marked,  as  I  have  heard  musi- 
cians give  them  incorrectly. — Translator.^ 

*  [Generally  pronounced  ^oo-«/di'-^'t-a»,but  sometime8yoo-*^a»'-»Ai -«;?.—  TransUdor^l 
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or  from  the  drum  to  the  pharynx  only  at  the  moment  of  making 
the  motion  of  awallowing.  When  the  air  has  entered  the  drum  it 
remains  there,  even  after  nose  and  mouth  are  opened  again,  until 
we  make  another  motion  of  swallowing.  Then  the  air  leaves  the 
drum,  as  we  perceive  by  a  second  cracking  in  the  ear,  and  the 
cessation  of  the  feeling  of  tension  in  the  drumskin  which  had 
remained  up  till  that  time.  These  experiments  shew  that  the 
tube  is  not  uaually  open,  but  ia  opened  only  during  swallowing, 
and  this  ie  explained  by  the  fact  that  the  muscles  which  raise  the 
velum  paiatl  or  soft  palate,  and  are  set  in  action  on  swallowing, 
arise  from  part  of  the  cartilaginous  extremity  of  the  tube.  Hence 
the  drum  is  generally  quite  closed,  and  filled  with  air,  which  has 
a  pressure  equal  to  that  of  the  external  air,  because  it  has  from 
time  to  time,  that  is  whenever  we  swallow,  the  means  of  equalising 
itself  with  the  same  by  free  communication. 

In  two  places,  this  air  in  the  drum  is  likewise  separated  from 
the  fluid  of  the  labyrinth  merely  by  a  thin  stretched  membrane, 
which  closes  the  two  windows  of 
"*'     '  the  labyrinthy  already  mentioned, 

namely,  the  oval  window  (o,  fig. 
36,  p.  190)  and  the  round  window 
(r).  Both  of  these  membranes 
are  in  contact  on  their  outer 
side  with  the  air  of  the  drum,  and 
on  their  inner  side  with  the  water 
of  the  labyrinth.  The  membrane 
of  the  round  window  is  free,  but 
that  of  the  oval  window  is  con- 
nected by  a  series  of  three  little 
bones  or  ossicles,  iointed  tosrether, 

tnim  tke  front,  and  (mm  tlie  right  iddc  of   With  the  drumskm  Of  the  Car.     t  Ig. 
the  heart.  mrnBd  a  lillle  to  the  right  rnunii    „,     ,  ,,       ^,  ■    i       ■      ,i     ■ 

■  nrwii  uii.   u  iuuDiner  or  maiiriu.  J   37  showB  the  three  ossicles  in  their 

■tlTil   or   t»fUJ.     S  stimlp  or  ilapet.     Mcp  ,  , 

bead.  Ufl  neck.  Mi  land  pnuev  nr  pro-  Datuml  counectiOQ,  enlaro'ed  tour 

cr/Bu  gi-iTcilis,  Mul  h»ncll«  or  fucnu-bnum     ,.  ,  ^  ^,      ° 

ofthehamron.-jq  bodj-.jbshortprooiHs  diaoieters.     They  are  the  AaTHmer 
er*iMdyr  or  pnn^im  (rMirtudr-ii.  o(  tiie  (mal'leus)  M,  the  auvU  (in'cus)  J, 

■nTU.-&ph»dorM(«'iUi™oithe9tirnip.  ^  ^,         '  ,  ,   ,    ,         ,\  „         ' 

and  the  stirrup  (sta  pes' )  S.  The 
first  is  attached  to  the  drumskin,  and  the  last  to  the  membrane  of 
the  oval  window. 

'  IStapta  IB  uanivlly  called  slai'plex.    It  is  not  a  classical  word,  and  U  DBoall; 
Mctired  ns  n  coatniction  for  ilStipe)  or  foot-rest,  also  not  clnialcal. — TWnuIafor.] 
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The  hammer,  shewn  separately  in  fig.  38,  has  a  thick, 
rounded  upper  extremity,  the  head  ep,  and  a  thinner  lower  ex- 
tremity, the  handle  m.  Between  these  two  is  a  contraction  c, 
the  neck.  At  the  back  of  the  head  is  the  surface  of  the  joints  by 
means  of  which  it  fits  on  to  the  anvil.  Below  the  neck,  where 
the  handle  begins,  project  two  processes,  the  long  1,  also  called 
'processus  Folidnus  and  pr.  gracUis^  and  the  short  b,  also  called 
jw.  brefvis.  The  long  process  has  the  proportionate  length 
shewn  in  the  figure,  in  children  only ;  in  adults  it  appears  to  be 
absorbed  down  to  a  little  stump.  It  is  directed  forwards,  and  is 
covered  by  the  bands  which  fasten  the  hammer  in  front.  The  short 
process  b,  on  the  other  hand,  is  directed  towards  the  drumskin,  and 
presses  its  upper  part  a  little  forwards.     From  the  point  of  this 


Fio.  38. 


B 


_4. 
1 


night  bamnKnr,  A  from  the  front,  B  from  behind,    cp  head,  c  neck,  b  short, 
1  long  proGe»,  m  handle.    *  Surface  of  the  joint. 


process  b  to  the  point  of  the  handle  m  the  hammer  is  attached  to 
the  upper  portion  of  the  drumskin,  in  such  a  manner  that  the 
point  of  the  handle  draws  the  drumskin  strongly  inwards. 

Fig.  39  (page  194)  shews  the  hammer  in  its  natural  position 
as  seen  from  without,  after  the  drumskin  has  been  removed, 
and  fig.  40  shows  the  hammer,  lying  against  the  drumskin  as 
seen  from  within.  The  hammer  is  fastened  along  the  upper 
margin  of  the  drumskin  by  a  fold  of  mucous  membrane,  within 
which  run  a  series  of  rather  stifiF  bimdles  of  tendinous  fibres. 
These  straps  arise  in  a  line  which  passes  from  the  processus 
Folianus  (fig.  38  1),  above  the  contraction  of  the  neck,  towards 
the  lower  end  of  the  surface  of  the  joint  for  the  anvil,  and  in 
elderly  people  is  developed  into    a   prominent    ridge    of  bone. 


o 
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The  tendinous  bands  or  ligaments  are  Btrongest  and  etiffest  at 
the  front  and  back   end    of   this  line   of  insertion.     The  front 


tistt  Mmponl  booa  of  *  nowlr-lMni  cbUd,  vlUi  Uie  uidltoij  oaldM  in  jtta. 
Bta,  splnft  tfrnpAnlca  anUrloT.  B^,  iplru  Cympuilcft  poflterlor.  Men, 
h«d  e(  tha  humner.  lib  shoR,  Ifl  long  cmcca  ot  hwums.  J  mitU. 
Bnimp. 


portion  of  the  ligament,  lig.  mallei  aoterius  (fig.  40,  ma),  silr- 
rounda  the  proceseus  Folianus,  and  is  attached  partly  to  a  bony 


from  the  Irulde.    The  tnnar  lAjATOf 
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spine  (figs.  39  and  40,  Stp)  of  the  osseous  ring  of  the  dram, 
vhich  projects  close  to  the  neck  of  the  hammer,  and  partly  to 
its  under  edge,  and  partly  falls  into  a  bony  fissure  which  leads 
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towards  the  articulation  of  the  jaw.  The  back  portion  of  the 
same  ligament,  on  the  other  hand,  is  attached  to  a  sharp->edged 
bony  ridge  projecting  inwards  from  the  drumskin,  and  parallel  to 
it,  a  little  above  the  opening,  through  which  a  traversing  nerve 
the  chorda  tympani  (fig.  40,  1,  1,  p.  194)  enters  the  bone.  This 
second  bundle  of  fibres  may  be  called  the  lig.  mallSi  posterius.  In 
fig.  39  (page  194)  the  origin  of  this  ligament  is  seen  as  a  little 
projection  of  the  ring  to  which  the  dnmiskin  is  attached.  This 
projection  bounds  towards  the  right  the  upper  edge  of  the  opening 
for  the  drumskin,  which  begins  to  the  left  of  Stp,  exactly  at  the 
place  where  the  long  process  of  the  anvil  makes  its  appearance  in 
the  figure.  These  two  ligaments,  front  and  back,  taken  together 
form  a  moderately  tense  sinewy  chord,  round  which  the  hammer 
can  turn  as  an  axis.  Hence  even  when  the  two  other  ossicles  have 
been  carefully  removed,  without  loosing  these  two  ligaments,  the 
hammer  will  remain  in  its  natural  position,  although  not  so  tightly 
as  before. 

The  middle  fibres  of  the  broad  ligamentous  band  above- 
mentioned  pass  outwards  towards  the  upper  bony  edge  of  the 
drumskin.  They  are  comparatively  short,  and  are  known  as 
lig.  mallei  extemiun.  Arising  above  the  line  of  the  axis  of  the 
hammer,  they  prevent  the  head  from  turning  too  &x  inwards,  and 
the  handle  with  the  drumskin  from  turning  too  far  outwards,  and 
oppose  any  down-dragging  of  the  ligament  forming  the  axis.  The 
first  effect  is  increased  by  a  ligament  (lig.  mallei  superius)  which 
passes  from  the  processus  Folianus,  upwards,  into  the  small  slit, 
shewn  in  fig.  40  (page  194),  between  the  head  of  the  hammer  and 
the  wall  of  the  drum. 

It  must  be  observed  that  in  the  upper  part  of  the  channel 
of  the  tube,  there  is  a  muscle  for  tightening  the  drumskin 
(m.  tensor  tymp&ni),  the  tendon  of  which  passes  obliquely  acrosc 
the  cavity  of  the  drum  and  is  attached  to  the  upper  part  of  the 
handle  of  the  hammer  (at*,  fig.  40,  page  194).  This  muscle  must 
be  regarded  as  a  moderately  stretched  elastic  band,  and  may  have 
its  tension  temporarily  increased  by  active  contraction.  The  effect 
of  this  muscle  is  also  principally  to  draw  the  handle  of  the 
hammer  inwards,  together  with  the  drumskin.  But  since  its  point 
of  attachment  is  so  close  to  the  ligamentous  axis,  the  chief  part  o\ 
its  pull  acts  on  this  axis,  stretching  it  as  it  draws  it  inwards 
Here  we  must  observe  that  in  the  case  of  a  rectilinear  inextensibh 
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cord,  which  is  moderately  tight,  such  as  the  ligamentous  axis  of 
the  hammer,  a  slight  force  which  pulls  it  sideways,  suffices  to  pro- 
duce a  very  considerable  increase  of  tension.  This  is  the  present 
case.  It  should  also  be  remembered  that  quiescent  muscles  not 
excited  by  innervation,  are  always  stretched  elastically  in  the 
living  body,  and  act  like  elastic  bands.  This  elastic  tension  can 
of  course  be  considerably  increased  by  the  innervation  which 
brings  the  muscles  into  action,  but  such  tension  is  never^  entirely 
absent  from  the  majority  of  our  muscles. 

The  anvU,  which   is  shown  separately  in  fig.  41,  resembles 
a  double  tooth  with  two  fangs ;    the   surface  of  its  joint  with 

the  hammer  (at*,  fig.  41),  re- 
placing the  masticating  sur- 
face. Of  the  two  roots  of  the 
tooth  which  are  rather  widely 
separated,  the  upper,  directed 
backwards,  is  called  the  short 
process  b ;  the  other,  thinner 
and  directed  downwards,  the 
long  process  of  the  anvU  1. 
At  the  tip  of  the  latter  is  the 
knob  which  articulates  with 
the  stirrup.  The  tip  of  the 
short  process,  on  the  other 
hand,  by-  means  of  a  short 
ligament  and  an  imperfectly 
developed  joint  at  its  imder  surface  is  connected  with  the  back 
wall  of  the  cavity  of  the  drum,  at  the  spot  where  this  passes 
backwards  into  the  air-cavities  of  the  mastoid  process  behind 
the  ear.  The  joint  between  anvil  and  hammer  is  a  curved 
depression  of  a  rather  irregular  form,  like  a  saddle.  In  its 
action  it  may  be  compared  with  the  joints  of  the  well-known 
Breguet  watchkeys,  which  have  rows  of  interlocking  teeth,  offering 
scarcely  any  resistance  to  revolution  in  one  direction,  but  allowing 
no  revolution  whatever  in  the  other.  Interlocking  teeth  of  this 
kind  are  developed  upon  the  under  side  of  the  joint  between 
hammer  and  anvil.  The  tooth  on  the  hammer  projects  towards 
the  dnunskin,  that  of  the  anvil  lies  inwards;  and,  conversely, 
towards  the  upper  end  of  the  hollow  of  the  joint,  the  anvil  pro- 
jects outwards,  and  the  hammer  inwards.     The  consequence  of 


Bight  anvil.  A  middle  sorfaoe.  B  front  view,  e 
body,  b  short,  1  long  process,  pi  Proc.  lentica- 
Iftris  or  os  orbiculara.  *  Articulation  with  t^e 
head  of  the  hammer.  **  Surface  resting  on  the 
wall  of  the  dram. 


Chap.  TI.  SYMPATHETIC  VIBRATIONS  IN  THE  EAR  1 9; 

this  arrangement  is  that  when  the  hammer  is  drawn  inwards  by 
the  handle,  it  bites  the  anvil  firmly  and  carries  it  with  it.  Con- 
versely, when  the  dnmiskin,  with  the  hammer,  is  driven  outwards, 
the  anvil  is  not  obliged  to  follow  it.  The  interlocking  teeth  of 
the  surfaces  of  the  joint  then  separate,  and  the  surfaces  glide  over 
each  other  with  very  little  friction.  This  arrangement  has  the 
very  great  advantage  of  preventing  any  possibility  of  the  stirrup's 
being  torn  away  from  the  oval  window,  when  the  air  in  the 
auditory  passage  is  considerably  rarefied.  There  is  also  no  danger 
from  driving  in  the  hammer,  as  might  happen  when  the  air  in  the 
auditory  passage  was  condensed,  because  it  is  powerfully  opposed 
by  the  tension  of  the  driunskin,  which  is  drawn  in  like  a 
funnel. 

When  air  is  forced  into  the  cavity  of  the  drum  in  the  act  of 
swallowing,  the  contact  of  hammer  and  anvil  is  loosened.  Weak 
tones  in  the  middle  and  upper  regions  of  the  scale  are  then  not 
heard  much  more  weakly  than  usual,  but  stronger  tones  are  very 
sensibly  damped.  This  may  perhaps  be  explained  by  supposing 
that  the  adhesion  of  the  articulating  surfaces  suffices  to  transfer 
weak  motions  from  one  bone  to  the  other,  but  that  strong  impulses 
cause  the  surfaces  to  slide  over  one  another,  and  hence  the  tones 
due  to  such  impulses  must  be  enfeebled. 

Deep  tones  are  damped  in  this  case,  whether  they  are  strong 
or  weak,  perhaps  because  these  always  require  larger  motions  to 
become  audible.^ 

Another  important  effect  on  the  apprehension  of  tone,  which 
is  due  to  the  above  arrangement  in  the  articulation  of  hammer 
and  anvil,  will  have  to  be  considered  in  relation  to  combinational 
tones. 

Since  the  attachment  of  the  tip  of  the  short  process  of  the 
anvil  lies  sensibly  inwards  and  above  the  ligamentous  axis  of  the 
hammer,  the  head  of  the  hanmier  separates  from  the  articulating 
sur&ce  between  hammer  and  anvil,  when  the  head  is  driven  out- 
wards, and  therefore  the  handle  and  drumskin  are  driven  inwards. 
The  consequence  is  that  the  ligaments  holding  the  anvil  against 
the  hammer,  and  on  the  tip  of  the  short  process  of  the  anvil,  are 
sensibly  stretched,  and  hence  the  tip  is  raised  from  its  osseous 
support.     Consequently  in  the  normal  position  of  the  ossicles  for 

*  On  this  point  see  Part  II.  Chap.  IX. 
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hearing,  the  anvil  has  no  contact  with  any  other  bone  but  the 
hammer,  and  both  bones  are  held  in  position  only  by  stretched 
ligaments,  which  are  tolerably  light,  so  that  only  the  revolution  of 
the  hammer  about  its  ligamentous  axis  remains  comparatively 
free. 

The  third  ossicle,  the  stirrup,  shewn  separately  in  fig.  42,  has 
really  a  most  striking  resemblance  to  the  implement  after  which 
it  has  been  named.  The  foot  B  is-  fastened  into  the  membrane  of 
the  oval  window,  and  fills  it  all  up,  with  the  exception  of  a  narrow 
edging.  The  head  cp,  has  an  articulating  hole  for  the  tip  of  the 
long  process  of  the  anvil  (processus  lenticularis,  or  os  orbiculare). 
The  joint  is  surrounded  by  a  lax  membrane.  When  the  drumskin 
is  normally  drawn  inwards,  the  anvil  presses  on  the  stirrup,  so  that 
no  tighter  ligamentous  fastening  of  the  joint  is  necessary.     Every 
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Eight  stiimp :  seen,  A  from  within,  B  from  front,  C  from  behind.    B  Foot. 
q;>,  head  or  oapitnlmn.    a  Front,  p  back  limb. 

increase  in  the  push  on  the  hammer  arising  from  the  drumskin 
also  occasions  an  increase  in  the  push  of  the  stirrup  against  the 
oval  window  ;  but  in  this  action  the  upper  and  somewhat  looser 
edge  of  its  foot  is  more  displaced  than  the  under,  so  that  the  head 
rises  slightly ;  this  motion  again  causes  a  slight  elevation  of  the 
tip  of  the  long  process  in  the  anvil,  in  the  direction  conditioned 
by  its  position,  inwards  and  underneath  the  ligamentous  axis  of 
the  hanuner. 

The  excursions  of  the  foot  of  the  stirrup  are  always  very  small, 
and  according  to  my  measurements*  never  exceed  one-tenth  of  a 
millimetre  ('0039  or  about  -^^  of  an  inch).  But  the  hammer 
when  freed  from  anvil  and  stirrup,  with  its  handle  moving  out- 

'  HelmholtE,  *  Mechanism  of  the  Auditory  Osiicles/  in  Pflueger's  *  Archiv  fur  Phy- 
siologies Tol.  i,  pp. -34-43.  In  this  paper  an  attempt  is  made  to  prove  the  correctness 
of  the  account  of  this  mechanism  given  in  the  text. 
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wards,  and  sliding  over  the  articulating  surface  of  the  anvil,  can 
make  excursions  at  least  nine  times  as  great  as  it  can  execute  when 
acting  in  connection  with  anvil  and  stirrup. 

The  first  advantage  of  the  apparatus  belonging  to  the  drum  of 
the  ear,  is  that  the  whole  resonant  motion  of  the  comparatively 
wide  surface  of  the  drumskin  (vertical  diameter  9  to  10  milli- 
metres, or  0*35  to  0*39  inches,  just  over  one-third  of  an-  inch ; 
horizontal  diameter,  7*5  to  9  milUmetres,  or  0*295  to  0*35  inches, 
that  is  about  five-sixths  of  the  former  dimensions)  is  collected  and 
transferred  by  the  ossicles  to  the  relatively  much  smaller  surface 
of  the  oval  window  or  of  the  foot  of  the  stirrup,  which  is  only 
1'5  to  3  millimetres  (0*06  to  0'12  inches)  in  diameter.  The 
surface  of  the  drumskin  is  hence  15  to  20  times  larger  than  that 
of  the  oval  window. 

In  this  transference  of  the  vibrations  of  air  into  the  labyrinth 
it  is  to  be  observed  that  though  the  particles  of  air  themselves 
have  a  comparatively  large  amplitude  of  vibration,  yet  their 
density  is  so  small  that  they  have  no  very  great  moment  of 
inertia,  and  consequently  when  their  motion  is  impeded  by  the 
drumskin  of  the  ear,  they  are  not  capable  of  presenting  much 
resistance  to  such  an  impediment,  or  of  exerting  any  sensible 
pressure  against  it.  The  fluid  in  the  labyrinth,  on  the  other  hand, 
ifl  much  denser  and  heavier  than  the  air  in  the  auditory  passage, 
and  for  moving  it  rapidly  backwards  and  forwards  as  in  resonant 
oscillations,  a  far  greater  exertion  of  pressure  is  required  than  was 
necessary  for  the  air  in  the  auditory  passage.  On  the  other  hand 
the  amplitude  of  the  vibrations  performed  by  the  fluid  in  the 
labyrinth  are  relatively  very  small,  and  extremely  minute  vibra- 
tions will  in  this  case  suflSce  to  give  excitory  motion  to  the 
terminations  and  appendages  of  the  nerves,  which  lie  on  the  very 
limits  of  microscopic  vision. 

The  mechanical  problem  which  the  apparatus  within  4he  drum 
of  the  ear  had  to  solve,  was  to  transform  a  motion  of  great  ampli- 
tude and  little  force,  such  as  impinges  on  the  drumskin,  into  a 
motion  of  small  amplitude  and  great  force,  such  as  had  to  be 
conmiimicated  to  the  fluid  in  the  labjrrinth. 

A  problem  of  this  sort  can  be  solved  by  various  kinds  of 
mechanical  apparatus,  such  as  levers,  trains  of  pulleys,  cranes,  and 
the  .like.  The  mode  in  which  it  is  solved  by  the  apparatus  in  the 
drum  of  the  ear,  is  quite  unusual,  and  very  peculiar. 
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A  leverage  is  certainly  employed,  but  only  to  a  moderate 
extent.  The  tip  of  the  handle  of  the  hammer,  on  which  the 
pull  of  the  drmnskin  first  acts,  is  about  once  and  a  half  as  &r 
from  the  axis  of  rotation  as  that  point  of  the  handle  which 
presses  on  the  stirrup  (see  fig.  39,  p.  194).  The  handle  of  the 
hammer  consequently  forms  the  longer  arm  of  a  lever,  and  the 
pressure  on  the  stirrup  will  be  once  and  a  half  as  great  as  that 
which  drives  in  the  hanuner. 

The  chief  means  of  reinforcement  is  due  to  the  form  of  the 
drumskin.  It  has  been  already  mentioned  that  its  middle  or 
navd  (umbilicus)  is  drawn  inwards  by  the  handle,  so  as  to  present 
a  funnel  shape.  But  the  meridian  lines  of  this  funnel  drawn  from 
the  navel  to  the  circumference,  are  not  straight  lines ;  they  are 
slightly  convex  on  the  outer  side.  A  diminution  of  pressure  in 
the  auditory  passage  increases  this  convexity,  and  an  augmen- 
tation diminishes  it.  Now  the  tension  caused  in  an  inextensible 
thread,  having  the  form  of  a  flat  arch,  by  a  force  acting  perpendi- 
cular to  its  convexity,  is  very  considerable.  It  is  well  known  that 
a  sensible  force  must  be  exerted  to  stretch  a  long  thin  string  into 
even  a  tolerably  straight  horizontal  line.  The  force  is  indeed  ex- 
tremely greater  than  the  weight  of  the  string  which  pulls  the 
string  from  the  horizontal  position.*  In  the  case  of  the  dnim- 
skin,  it  is  not  gravity  which  prevents  its  radial  fibres  from 
straightening  themselves,  but  partly  the  pressure  of  the  air,  and 
partly  the  elastic  pull  of  the  circular  fibres  of  the  membrane. 
The  latter  tend  to  contract  towards  the  axis  of  the  funnel-shaped 
membrane,  and  hence  produce  the  inflection  of  the  radial  fibres 
towards  this  axis.  By  means  of  the  variable  pressure  of  air  during 
the  resonant  vibrations  of  the  atmosphere  this  pull  exerted  by  the 
circular  fibres  is  alternately  strengthened  and  weakened,  and  pro- 
duces an  effect  on  the  point  where  the  radial  fibres  are  attached 
to  the  ttp  of  the  handle  of  the  hammer,  similar  to  that  which 
would  happen  if  we  could  alternately  increase  and  diminish  the 
weight  of  a  string  stretched  horizontally,  for  this  would  produce  a 

*  [The  following  qtiAtraio,  said  to  have  been  unconsciously  produced  by  Vince,  as 
a  corollary  to  one  of  the  propositions  in  his  mechanics,  will  serve  to  impress  the  fact 
on  a  non-mathematical  reader. 

Hence  no  force,  however  great. 
Can  stretch  a  cord,  however  fine, 
Into  a  horizontal  line. 
So  as  to  make  it  traly  straight. — Translator.] 
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proportionate  increase  and  decrease  in  the  pull  exerted  by  the  hand 
which  stretched  it. 

In  a  horizontally  stretched  string  such  as  has  been  just  de- 
scribed, it  should  be  further  remarked  that  an  extremely  small 
relaxation  of  the  hand  is  followed  by  a  considerable  fall  in  the 
middle  of  the  string.  The  relaxation  of  the  hand,  namely,  takes 
place  in  the  direction  of  the  chord  of  the  arc,  and  easy  geometrical 
considerations  shew  that  chords  of  arcs  of  the  same  length  and 
different,  but  always  very  small  curvature,  differ  very  slightly  indeed 
from  each  other  and  from  the  length  of  the  arcs  itself.^  This  is 
also  the  case  with  the  drumskin.  An  extremely  little  yielding  in 
the  handle  of  the  hammer  admits  of  a  very  considerable  change 
in  the  curvature  of  the  drumskin.  The  consequence  is  that,  in 
resonant  vibrations,  the  parts  of  the  drumskin  which  lie  between 
the  inner  attachment  of  this  membrane  to  the  hammer  and  its 
outer  attachment  to  the  ring  of  the  drum,  are  able  to  follow  the 
oscillations  of  the  air  to  a  considerable  extent,  while  the  motion  of 
the  air  is  transmitted  to  the  handle  of  the  hammer  with  much 
diminished  amplitude  but  much  increased  force.  After  this,  as  the 
motioiL  passes  from  the  handle  of  the  hammer  to  the  stirrup,  the 
leverage  already  mentioned  causes  a  second  and  more  moderate 
reduction  of  the  amplitude  of  vibration  with  corresponding  increase 
of  force. 

We  now  proceed  to  describe  the  most  internal  division  of  the 
organ  of  hearing,  called  the  labyrinth.  Fig.  43  (p.  202)  represents 
a  cast  of  its  cavity,  as  seen  from  different  positions.  Its  middle 
portion,  containing  the  oval  window  Fv  (fenestra  vestibuli)  that 
receives  the  foot  of  the  stirrup,  is  called  the  vestibule  of  the  laby^ 
nrUh.  From  the  vestibule  proceeds  forwards  and  underwards,  a 
spiral  canal,  the  snaUahell  or  cochlea,  at  the  entrance  to  which  lies 
the  round  window  Fc  (fenestra  cochleae),  which  is  turned  towards 
the  cavity  of  tlie  drum.  Upwards  and  backwards,  on  the  other 
hand,  proceed  three  semicircular  canals  from  the  vestibule,  the 
horizontal,  front  vertical,  and  back  vertical  semicircular  canals, 
each  of  which  debouches  with  both  its  mouths  in  the  vestibule,  and 
each  of  which  has  at  one  end  a  bottle-shaped  enlargement,  or 

'  The  amount  of  difference  varios  as  the  square  of  the  depth  of  the  arc    If  the 
length  of  the  arc  be  /,  and  the  distance  of  its  middle  from  the  choid  be  <,  the  chord  is 

8      8* 

shorter  than  the  arc  by  the  length  -  .  _* 

3      I 
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ampulla  (ba,  vaa,  ^'pa).  The  aquaeductus  Testibuli  shewn  in  the 
figure  carries  a  vein.  The  roiigh  places  Tsf  and  *  are  casts  of 
canals  which  introduce  nerves. 

The  whole  of  this  cavity  of  the  labp'inth  is  filled  with  fluid, 
.  and  surrounded  by  the  extremely  bard  close  mass  of  the  petrous 
bone,  90  that  there  are  only  two  yielding  spots  on  its  walls,  the  two 
windows,  the  oval  Fv,  and  the  round  Fc.  Into  the  first,  as  already 
described,  is  fastened  the  foot  of  the  stirrup,  by  a  narrow  mem- 
branous edging.  The  second  is  closed  by  a  membrane.  When 
the  stirrup  is  driven  against  the  oval  window,  the  whole  mass  of 
fluid  in  the  labyrinth  is  necessarily  driven  against  the  round 
window,  as  the  only  spot  where  its  walls  can  give  way.     If,  aa 

Fid.  4S. 


Folitzer  did,  we  put  a  finely  drawn  glass  tube  as  a  manometer  into 
the  round  window,  without  in  other  respects  injuring  the  labyrinth, 
the  water  in  this  tube  will  be  driven  upwards  as  soon  as  a  strong 
pressure  of  air  acts  on  the  outside  of  the  driunskin  and  causes  the 
foot  of  the  atimip  to  be  driven  into  the  oval  window. 

The  terminations  of  the  auditory  nerve  are  spread  over  iine 
membranous  formations,  which  lie  partly  floating  and  partly  ex- 
panded in  the  hoUow  of  the  bony  labyrinth,  and  taken  together 
compose  the  membranov^  labyrinth.  This  last  has  on  the  whole 
the  same  shape  ae  the  bony  labyrinth.  But  its  canals  and  cavities 
are  smaller,  and  its  interior  is  divided  into  two  separate  sections ; 
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the  utriciUua  with  the  eemici/rcular  canals,  and  Uie  eaceulxis  with 
the  mamhraTioua  cochUa.  Both  the  utriculus  and  the  sacotdus  lie 
in  the  vestihule  of  the  bony  labyrinth ;  the  utriculus  opposite  to 
the  receaaua  eUipticua  (Be,  fig.  43,  p.  202)  the  sacculua  opposite  to 
the  receaauB  sphaericus  (Rs).  These  are  Boating  bags  filled  with 
watfiT,  and  only  touch  the  wall  of  the  labyrinth  at  the  point  where 
the  nerves  enter  them. 

The  form  of  the  utriculus  with  its  membranous  semicircular 
canab  is  shewn  in  fig.  44.  The  ampullae  project  much  more  in 
the  membranous  than  in  the  bony  semi- 
circular canals.  According  to  the  recent  **■ 
investigations  of  Riidinger,  the  mem- 
branous semicircular  canals  do  not  float 
in  the  bony  ones,  but  are  bstened  to 
the  convex  side  of  the  latter.  In  each 
ampulla  there  is  a  pad-like  prominence 
directed  inwards,  into  which  fibriles  of 
the  auditory  nerve  enter;  and  on  the 
utriculus  there  is  a  place  which  is  flatter 
and  thickened.  The  peculiar  manner  in 
which  the  nerves  terminate  in  this  place  ^i^*^ 
will  be  described  hereafter.  In  the  inside 
of  the  utriculus  is  found  the  auditory 
sand,  consisting  of  little  crystals  of  lime  which  are  connected  by 
means  of  a  mucous  mass  with  each  other  and  with  the  thickened 
placea  where  the  nerves  are  so  abundant. 

In  the  hollow  of  the  bony  vestibule,  near  the  utriculus,  and 
&Btened  to  it,  but  not  communicating  with  it,  lies  the  eacculus, 
also  provided  with  a  similar  thickened  spot  full  of  nerves.  A 
narrow  canal  connects  it  with  the  canal  of  the  membranous  cochlea. 
As  to  the  cavity  of  the  cochlea,  we  see  by  fig.  43  (p.  202)  that  it  is 
exactly  similar  to  the  shell  of  a  garden  snail ;  but  the  canal  of  the 
cochlea  is  divided  into  two  almost  completely  separated  galleries, 
by  a  transverse  partition,  partly  bony  and  partly  membranous. 
Ihese  galleries  communicate  only  at  the  vertex  of  the  cochlea 
through  a  small  opening,  the  h£licotre.ma,  bounded  by  the  hdmvlua 
or  hook-shaped  termination  of  its  central  axis  or  madvilus.  Of 
the  two  galleries  into  which  the  cavity  of  the  bony  cochlea  is 
divided,  one  communicates  directly  with  the  vestibule  and  is  hence 
called  the  vestibule-gaUery  (aciUa  vestibGli).     The  other  gallery  is 


204  STUPATHETIC  VIERATIOMS  IK  IHE  EAB.  Put  I. 

cut  oflP  from  the  vestibule  by  the  membranous  partition,  but  just 
at  ite  base,  where  it  begins,  is  the  round  window,  and  the  yielding 
membrane,  which  cloees  this,  allows  the  fluid  in  the  gallery  to 
exchange  vibrations  with  the  air  in  the  drum.  Hence  this  is  called 
the  drumr^aUery  (scfila  tympSni). 

Finally,  it  must  be  observed  that  the  membranous  partition  of 
the  cochlea  is  not  a  single  membrane,  but  a  membranous  canal 
(ductus  cochleSris).  Its  inner 
margin  is  turned  towards  the  cen- 
tral axis  or  m6di51u8,and  attached 
to  the  rudimentary  bony  partition 
(lamina  spirSlis).  A  part  of  the 
opposite  external  surface  is  at- 
tached to  the  inner  surface  of  the 
bony  gallery.  Fig.  45  shews  the 
bony  parts  of  a  cochlea  which  has 
been  laid  open,  and  fig.  46  (p.  205), 
a  transverse  section  of  the  canal 
(which  is  imperfect  on  the  left 
hand  at  bottom).  In  both  figures 
Ls  denotes  the  bony  part  of  the 
'  partition,  and  in  fig.  46  v  and  b 
are  the  two  unattached  parts  of 
the  membranous  canal.  The 
Md,  transverse  section  of  this  canal 
_.    .   ,  ithn  putition  ig  as  the  figure  shews,  nearly  tri- 
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angular,  so  that  an  angle  of  the 
triangle  near  LI  s  is  attached  to  the  edge  of  the  bony  partition. 
The  commencement  of  the  ductus  cochlearis  at  the  base  of  the 
cochlea,  communicates,  as  already  stated,  by  means  of  a  narrow 
membranous  canal  with  the  sacculus  in  the  vestibule.  Of  the  two 
unattached  strips  in  its  walls,  that  facing  the  vestibule  gallery  is  a 
soft  membrane,  incapable  of  offering  much  resistance — Reiasner's 
TTUmbrcme  (memhrana  vestibularis,  v,  fig.  46,  p.  205) ;  but  the 
other, the  vnembrana  hasUdrie  (b)  is  a  firm,tightly  stretched,  elastic 
membrane,  striped  radially,  corresponding  to  its  radial  fibres.  It 
splits  easily  in  the  direction  of  these  fibres,  shewing  that  it  is 
loosely  connected  in  a  direction  transverse  to  them.  The  termina- 
tions of  the  nerves  of  the  cochlea  and  their  appendages,  are  attached 
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to  the  membrana  basilaris,  as  is  shewn  by  the  dotted  lines  in 
fig.  46. 

When  the  drumskin  is  driven  inwards  by  increased  pressure  of 
air  in  the  auditory  passage,  it  also  forces  the  auditory  ossicles 
inwards,  as  already  explained,  and  as  a  consequence  the  foot  of  the 
stirrup  penetrates  deeper  into  the  oval  window.  The  fluid  of  the 
labyrinth,  being  surrounded  in  all  other  places  by  firm  bony  walls, 
has  only  one  means  of  escape, — the  roimd  window  with  its  yielding 
membrane.  To  reach  it,  the  fluid  of  the  labyrinth  must  either 
pass  through  the  helicotrema,  the  narrow  opening  at  the  vertex  of 
the  cochlea,  flowing  over  from  the  vestibule  gallery  into  the  drum 
gallery,  or,  as  it  woidd  probably  not  have  sufficient  time  to  do  this 
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the  memlsina  tectMa  and  the  aaditovy  rods. 


in  the  case  of  resonant  vibrations,  press  the  membranous  parti- 
tion of  the  cochlea  against  the  drum  gallery.  The  converse 
action  must  take  place  when  the  air  in  the  auditory  passage  is 
rarefied. 

Hence  the  resonant  vibrations  of  the  air  in  the  outer  auditory 
passage  are  finally  transferred  to  the  membranes  of  the  labyrinth, 
more  especially  those  of  the  cochlea,  and  to  the  expansions  of  the 
nerves  upon  them. 

The  terminal  expansions  of  these  nerves,  as  I  hat'e  already 
mentiosied,  are  connected  with  very  small  elastic  appendsg^^  which 
appear  adapted  to  excite  the  nerves  by  their  vibrations. 
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The  nerves  of  the  vestibule  tenninate  in  the  thickened  places 
of  the  bags  of  the  membranous  labyrinth,  already  mentioned 
(p.  203),  where  the  tissue  has  an  almost  cartilaginous  consistency. 
One  of  these  places  provided  with  nerves,  projects  like  a  fillet  into 
the  inner  part  of  the  ampulla  of  each  semicircular  canal,  and 
another  lies  on  each  of  the  little  bags  in  the  vestibule.  The  nerve 
fibres  here  enter  between  the  soft  cylindrictQ  cells  of  the  fine 
cuticle  (Epithelium)  which  covers  the  internal  surface  of  the  fillets. 
Projecting  from  the  internal  surface  of  this  epithelium  in  the  am- 
pullae, Max  Schultze  discovered 
a  number  of  very  peculiar,  stifi', 
elastic  hairs,  shewn  in  fig.  47. 
They  are  much  longer  than  the 
vibratory  haira  of  the  ciliated 
epilhe'lium  (^  of  a  Paris  line,  or 
■60355  English  inch,  long  in  the 
ray  fish),  brittle,  and  running  to 
a  very  fine  point.  It  is  clear  that 
fine  stiff  hairs  of  this  kind  are  ex- 
tremely well  adapted  for  moving 
sympathetically  with  the  motion 
of  the  fiuid,  and  hence  for  pro- 
ducing mechanical  irritation  in  the 
nerve  fibres  which  lie  in  the  soft 
epithelium  between  their  roots. 

According  to  Max  Schultze, 
the  corresponding  thickened  fil- 
lets in  the  vestibules,  where  the 
nerves  terminate,  have  a  similar 
soft  epithelium,  and  have  short 
hairs  which  are  easily  destroyed. 
Close  to  these  surfaces  which  are  covered  with  nerves,  lie  the  calca- 
reous concretions,  called  auditory  etonea  (otoliths),  which  in  fishes 
form  connected  convexo-concave  solids,  shewing  on  their  convex 
sides  an  impression  of  the  nerve  fillet.  In  human  beings,  on  the  other 
hand,  the  otoliths  are  heaps  of  little  crystalline  bodies,  of  a  longish 
angular  form,  lying  close  to  the  membrane  of  the  little  bags,  and 
apparently  attached  to  it.  These  otoliths  seem  also  extremely 
well  suited  for  producing  a  mechanical  irritation  of  the  nerves 
whenever  the  fluid  in  the  labyrinth  is  suddenly  E^tated.  The 
fine  light  membrane,  with  its  interwoven  nerves,  probably  in- 
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Btantly  follows  the  motion  of  the  Buid,  whereas  the  heavier  crystals 
are  Bet  more  slowly  in  motion,  and  hence  also  yield  up  their 
motion  more  slowly,  and  thus  partly  drag  and  partly  squeeze  the 
adjacent  nerves.  This  would  satisfy  the  same  conditions  of  excit- 
ing nerves,  as  HeidenhaJn's  tctdnomotor.  By  this  instrument  the 
nerve  which  acta  on  a  muscle  is  exposed  to  the  action  of  a  very 
rapidly  vibrating  ivory  hammer,  which  at  every  blow  squeeze 
without  bruising  the  nerve.  A  powerful  and  continuous  excite- 
ment of  the  nerve  is  thus  produced,  which  is  shewn  by  a  powerful 
and  continuous  contraction  of  the  corresponding  muscle.  The 
above  parts  of  the  ear  seem  to  be  well  suited  to  produce  similar 
mechanical  excitement. 

Fio.  43. 


The  construction  of  the  cochlea  is  much  more  complex.  The 
nerve  fibres  enter  through  the  axis  or  modiolus  of  the  cochlea  into 
the  bony  part  of  the  partition,  and  then  come  on  the  membranous 
part.  Where  they  reach  this,  peculiar  formations  were  discovered 
quite  recently  by  the  Marchese  Corti,  and  have  been  named  after 
him.     On  these  the  nerves  terminate. 

The  expansion  of  the  cochlean  nerve  is  shewn  in  fig.  48.  It 
enters  through  the  axis  (2)  and  sends  out  its  fibres  in  a  radial 
direction  from  the  axis  through  the  bony  partition  (1,  3,  4"),  aa  fax 
as  its  margins.  At  this  point  the  nerves  pass  under  the  com- 
mencement of  the  membrana  basilaris,  penetrate  this  in  a  series 
of  openings,  and  thus  reach  the  ductus  cochlearis  and  those  ner- 
vous, elastic  formations  which  lie  on  the  inner  zone  (Zi)  of  the 
membrane. 
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The  margin  of  the  bony  partition  (a  to  b,  fig.  49),  and  the 
inner  zone  of  the  membrana  basilaris  (aa')  are  shewn  in  £g.  49 
after  Hensen.     The  under  side  of 
F">-  *9.  the  figure'  corresponds  with  the  scala 

tjmpSni,  the  upper  with  the  ductus 
cochlelris.  Here  b  at  the  top  and  k 
at  the  bottom,  are  the  two  plates  of 
the  bony  partition,  between  which  the 
expanBion  of  the  nerve  b  proceeds. 
The  upper  aide  of  the  bouy  partition 
bears  a  fillet  of  close  ligamentous 
tisBue  (Z,  fig.  49,  also  shewn  at  Lis, 
fig  46,  p.  205),  which,  on  account 
of  the  tooth-like  impressions  on  its 
upper  side,  is  called  the  toothed  layer 
(zt/na  denticula'ta),  and  which 
carries  a  peculiar  elastic  pierced 
membrane,  Corti's  membrane,  M.C. 
fig.  49.  This  membrane  is  stretched 
parallel  to  the  membrana  basilaris 
as  far  as  the  bony  wall  on  the  outer 
side  of  the  duct,  and  is  there  at- 
tached a  little  above  the  other. 
Between  these  two  membranes  lie 
the  parts  in  and  on  which  the  nerve 
fibres  terminate. 

Among  these  CortHe  arches  (over 
g  in  fig,  49)  are  relatively  the 
most  Bolid  formations.  The  series 
of  these  contiguous  arches  con- 
sists of  two  series  of  rode  or  Jibrea, 
an  external  and  an  internal.  A 
single  pair  of  these  is  shewn  in  fig. 
50,  A  (p.  209),  and  a  short  series 
■•i  of  them  in  fig.  50,  B,  attached  to  the 

membrans  basilaris,  and  at  f  also 
connected  with  the  pierced  tissue,  into  which  fit  the  terminal  cells 

■  [Ai  tha  PDgnTiDg  mmld  hare  been  too  wide  for  tbe  page  if  pUced  in  its  proper 
horiiontal  poBition,  it  hsa  boen  printed  Tertically;  the  l^l  aido  coQS«inently  corre- 
^oads  to  the  vpper,  and  ils  r^hl  to  the  under  sicU.— 7>aR>/<i/or.] 
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of  the  nerves  (fi^.  49,  c,  p.  208)  to  be  more  fully  diescribed 
presently.  These  formations  are  shewn  in  fig.  51,  (p.  210),  as  seen 
firom  the  vestibule  gallery ;  a  is  the  denticulcUed  layevj  c  the 
openings  for  the  nerves  on  the  internal  margin  of  the  membra 
basilaris,  its  external  margin  being  visible  at  uu ;  d  is  the  internal 
series  of  Cortes  rods,  e  the  external ;  over  these^  between  e  and  ± 
is  seen  the  pierced  membrane,  against  whibh  lie  the  terminal  bells 
of  the  nerves. 

Ths  fibres  of  the  first,  or  exterrud  series j  are  Weak  S-shaped 
formations,  having  a  swelling  at  the  spot  where  they  rise  firoHi  thb 
membrane  to  which  they  are  attached,  and  ending  in  a  kind  of 
articulation  which  serves  to  connect  them  with  the  second  or  in-* 
temal  series.  In  fig.  51  (p.  210),  at  d  will  be  seen  a  great  num- 
ber of  these  ascending  fibres,  lying  beside  each  other  in  regular 
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A,  externalni^  intfltniil  roci  in  oonnectiao  seen  in  profile.    B,  membnum basilaris  (b) 
with  the  (enniiuil  fiMcIcfill  of  nerves  (n),  and  the  external  and  internal  rods  (i  and  e). 
1  extomaL  3  internal  oeUa  of  the  floor,  4f  atUKahmente  of  the  oeUi  of  the  oover.    •  • 
epithO^. 

succession.  In  the  same  way  they  may  be  seen  all  along  the 
membrane  of  the  cochlea,  close  together,  so  that  thfe're  must  be 
nuiny  ihousands  of  them. 

Their  sides  lie  close  together,  and  even  seem  to  be  connected, 
leaving  however  occasional  gaps  in  the  line  of  connection,  and 
these  gaps  are  t)roI)ably  traversed  by  nerve  fibres.  Hence  the 
fibres  of  the  first  series  as  a  whole  form  a  stiff  lay^r,  which  en- 
deavours to  erect  itself  when  the  natural  fastenings  no  longer 
resistj  but  allows  the  membrane  on  which  they  stand  to  cruinple 
up  between  the  attachments  d  and  e  of  Corti's  atches. 

Ths  fibres  of  thb  Second  Or  internal  serie§,  which  form  the  dei 
scending  part  of  the  arch  e,-  fig.  50  (p;  209)^  are  smooth^  flexible, 
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cylindrical  threads  with  thickened  ends.  The  npp^  eztfemity 
forms  a  kind  of  joint  to  connect  them  with  the  fitnces  of  tlie  first 
Beriea,  the  lower  extremity  ia  enlarged  in  a  bell  shape  and  is 
attached  closely  to  the  membrane  at  the  base.  In  the  microecopie 
preparations  they,  generally  appear  bent  in  vmous  ways ;  but 
there  can  be  no  doubt  that  in  their  natural  condition  they  are 
stretched  witji  some  degree  of  tension,  so  that  t^ey  pull  down  the 
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upper  jointed  ends  of  the  fibres  of  the  first  series.  The  fibres  of 
the  first  series  arise  from  the  inner  margin  of  the  membr^e,  which 
can  be  relatively  little  agitated,  but  the  fibres  of  the  second  series 
are  attached  nearly  in  the  middle  of  the  membrane,  and  this  is 
precisely  the  place  where  ita  vibrations  will  have  the  greatest 
excursions.  When  the  pressure  of  the  fluid  in  the  drum  gallery  of 
the  labyrinth  is  increased  by  driving  the  foot  of  the  stimip  against 
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the  oval  window,  the  membrane  at  the  base  of  the  arches  will  sink 
downwards,  the  fibres  of  the  second  series  be  more  tightly  stretched, 
and  perhaps  the  corresponding  places  of  the  fibres  of  the  first 
series  be  bent  a  little  downwards.  It  does  not,  however,  seem 
probable  that  the  fibres  of  the  first  series  themselves  move  to  any 
great  extent,  for  their  lateral  connections  are  strong  enough  to 
make  them  hang  together  in  masses  like  a  membrane,  when  they 
have  been  released  from  their  attachment  in  anatomical  prepara- 
tions. On  reviewing  the  whole  arrangement,  there  can  be  no 
doubt  that  Corti's  organ  is  an  apparatus  adapted  for  receiving 
the  vibrations  of  the  membrana  basilaris,  and  for  vibrating  of  it« 
self,  but  our  present  knowledge  is  not  sufficient  to  determine  with 
accuracy  the  manner  in  which  these  vibrations  take  place.  For 
this  purpose  we  require  to  estimate  the  stability  of  the  several 
parts  and  the  degree  of  tension  and  flexibility,  with  more  precision 
than  can  be  deduced  firom  such  observations  as  have  hitherto  been 
made  on  isolated  parts,  as  they  casually  group  themselves  under 
the  microscope. 

Corti's  fibres  are  wound  round  and  covered  over  with  a  multi- 
tude of  very  delicate  frail  formations,  fibres  and  cells  of  various 
kinds,  partly  the  finest  terminational  runners  of  nerve  fibres  with 
appended  nerve  cells,  partly  fibres  of  ligamentous  tissue,  which 
appear  to  serve  as  a  support  for  fixing  and  auspendiug  the  nerve 
formations. 

The  connection  of  these  parts  is  best  shewn  in  fig.  49  (p.  208). 
They  are  grouped  like  a  pad  of  soft  cells  on  each  side  of  and  within 
Corti's  arches.  The  most  important  of  them  appear  to  be  the 
ceUs  c  and  d  which  are  furnished  with  hairs,  precisely  resembling 
the  ciliated  cells  in  the  ampullae  and  utriculus.  They  appear  to 
be  directly  connected  with  fine  varicose  nerve  fibres,  and  constitute 
the  most  constant  part  of  the  cochlean  formations ;  for  with  birds 
and  reptiles,  where  the  structure  of  the  cochlea  is  much  simpler, 
and  even  Corti's  arches  are  absent,  these  little  ciliated  cells  are 
always  to  be  found,  and  their  hairs  are  so  placed  as  to  strike 
against  Corti's  membrane  during  the  vibration  of  the  membrana 
basilaris.  The  cells  at  a  and  a',  fig.  49  (p.  208),  which  appear  in 
an  enlarged  condition  at  b  and  n  in  fig.  51  (p.  210),  seem  to  have 
the  character  of  an  epithelium.  In  fig.  61  there  will  also  be  ob- 
served bundles  and  nets  of  fibres,  which  may  be  partly  merely 
supporting  fibres  of  a  ligamentous  nature,  and  partly,  by  appearing 

p  2 
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as  Btrings  of  beada,  possess  the  character  of  bundles  of  the  : 
fibriles  of  nerves.  But  these  parts  are  all  so  frail  and  delicate 
there  ia  still  much  doubt  as  to  their  connection  and  office. 

The  essential  result  of  our  description  of  the  ear  consequ 
consists  in  the  constant  connection  of  the  termination  of 
auditory  nerves  with  a  peculiar  auditory  apparatus,  partly  eli 
partly  finn,  which  may  be  put  in  sympathetic  vibration  i 
the  influence  of  external  vibration,  and  will  then  probably  ag 
and  excite  the  mass  of  nerves.  Now  it  was  shewn  in  Chap, 
that  the  process  of  sympathetic  vibration  was  observed  to  i 
according  as  the  bodies  put  into  sympathetic  vibration  were 
as  when  once  put  in  motion  sounded  for  a  long  time,  or  soon 
their  motion,  p.  62.  Bodies  like  tuning-forks  which,  when 
struck,  go  on  sounding  for  a  long  time,  are  susceptible  of  ej 
thetic  vibration  in  a  high  degree  notwithstanding  the  difficul 
putting  their  mass  in  motion,  because  they  admit  of  a  long : 
mulation  of  impulses  in  themselves  minute,  produced  in  the: 
each  separate  vibration  of  the  exciting  tone.  But  precise! 
this  reason  there  must  be  the  exactest  agreement  betweei 
pitches  of  the  proper  tone  of  the  fork  and  of  the  exciting 
because  otherwise  subsequent  impulses  given  by  the  motion  o: 
air  could  not  constantly  recur  in  the  same  phase  of  vibration 
thus  be  suitable  for  increasing  the  subsequent  effect  of  the  prec< 
impulses.  On  the  other  hand  if  we  take  bodies  for  which  the 
rapidly  dies  away,  such  as  stfetcbed  membranes  or  thin 
strings,  we  find  that  they  are  not  only  susceptible  of  sympat 
vibration,  when  vibrating  air  is  allowed  to  act  on  them,  but 
this  sympathetic  vibration  is  not  so  limited  to  a  particular  [ 
as  in  the  other  case,  and  tbey  can  therefore  be  easily  set  in  m 
liy  tones  of  different  kinds.  For  if  an  elastic  body  on  being 
struck  and  allowed  to  sound  freely,  loses  nearly  the  whole  ( 
motion  after  ten  vibrations,  it  will  not  be  of  much  importance 
any  fresh  impulses  received  after  the  expiration  of  this  time,  st 
agree  exactly  with  the  former,  as  it  would  be  of  great  import 
in  the  case  of  a  sonorous  body  for  which  the  motion  generati 
the  first  impulse  would  remain  nearly  unchanged  up  to  the 
that  the  second  impulse  tvas  applied.  In  the  latter  case  the  se 
impulse  could  not  increase  the  amount  of  motion,  unless  it 
upon  a  phase  of  the  vibration  which  had  precisely  the  same  c 
tion  of  motion  as  itselC 
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The  connection  between  these  two  relations  can  be  calculated 
independently  of  the  nature  of  the  body  put  into  sympathetic  vibra- 
tion,' and  as  the  results  are  important  to  enable  us  to  form  a  judg- 
ment on  the  state  of  things  going  on  in  the  ear,  a  short  table  is 
annexed.  Suppose  that  a  body  which  vibrates  sympathetically  has 
been  set  into  its  state  of  maximum  vibration  by  means  of  an  exact 
unison,  and  that  the  exciting  tone  is  then  altered  till  the  sympa- 
thetic vibration  is  reduced  to  -^  of  its  former  amount.  The  amount 
of  the  required  difference  of  pitch  is  given  in  the  first  column  in 
terms  of  an  equally  tempered  Tone,  [which  is  -J^  of  an  octave].  Now 
let  the  same  resonant  body  be  struck,  and  let  its  sound  be  allowed 
to  die  away  gradually.  The  number  of  vibrations  which  it  has  made 
by  the  time  that  its  intensity  is  reduced  to  -^  of  its  original 
amoimt  is  noted,  and  given  in  the  second  colunm. 


I      DlfflBrenoe  of  Fitch,  in  terms  of  an  equally  tempered  Tone, 
neoesoary  to  reduce  the  Intensity  of  sympathetic  Tibration 

Nnmber  of  vibrations  after 
which  the  intensity  of  tone 
in  a  resonant  body  whose 
sonnd  is  allowed  to  die  oat, 

rodaces  to  ^  of  its  original 
amount 

1.  One  eighth  of  a  Tone 

2.  One  quarter  of  a  Tone 

3.  One  Semitone 

4.  Three  quarters  of  a  Tone 

d.  A  whole  Tone 

6.  A  Tone  and  a  quarter 

7.  A  tempered  minor  Third  or  a  Tone  and  a  half  . 

8.  A  Tone  and  three  quarters 

9.  A  tempered  major  Third  or  two  whde  Tones 

3800 
1900 
9-60 
6*33 
476 
3*80 
817 
2-71 
2*37 

Now,  although  we  are  not  able  exactly  to  discover  how  long  the 
ear  and  its  individual  parts,  when  made  to  resound,  will  continue 
their  resonance,  yet  well-known  experiments  allow  us  to  fonx 
some  sort  of  judgment  as  to  the  position  which  the  parts  of  the  eai 
must  occupy  in  the  scale  exhibited  in  this  table.  Thus,  there 
cannot  possibly  be  any  parts  of  the  ear  which  continue  to  sound  sc 
long  as  a  tuning-fork,  for  that  would  be  patent  to  the  conmionesi 
observation.  But  even  if  there  were  any  parts  in  the  ear  answer- 
ing to  the  first  degree  of  our  table,  that  is  requiring  38  vibrationi 
to  be  reduced  to  -j^  of  their  force, — we  should  recognize  this  ir 
the  deeper  tones,  because  38  vibrations  last  ^  of  a  second  for  A 


^  The  mode  of  calculation  is  explained  in  Appendix  No.  X. 
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^  for  a,  -^  for  a'  &c.,  and  such  a  long  endurance  of  sensible  sound 
wou]d  render  rapid  musical  passages  impossible  in  the  imaccented 
and  once  accented  Octaves.  Such  a  state  of  things  would  dis- 
turb musical  efifect  as  much  as  the  strong  resonance  of  a  vaulted 
room,  or  as  raising  the  dampers  on  a  piano.  When  making  a 
shake,  we  can  readily  strike  8  or  10  notes  in  a  second,  so  that  each 
tone  separately  is  struck  from  4  to  5  times.  If  then  the  soimd  of 
the  first  tone  bad  not  died  off  in  our  ear  before  the  end  of  the  second 
soimd,  at  least  to  such  an  extent  as  not  to  be  sensible  when  the 
latt3r  was  sounding,  the  tones  of  the  shake,  instead  of  being  indivi- 
dually distinct,  would  merge  into  a  continuous  mixture  of  both. 
Now  shakes  of  this  kind,  with  10  tones  to  a  second,  can  be  clearly 
and  sharply  executed  throughout  almost  the  whole  scale,  although 
it  must  be  owned  that  from  A  downwards,  in  the  great  and  contra 
octaves  they  sound  bad  and  rough,  and  their  tones  begin  to  mix. 
Now  it  can  be  easily  shewn  that  this  is  not  due  to  the  mechanism 
of  the  instrument.  Thus  if  we  shake  on  the  physharmonica  (har- 
monium &c.),  the  keys  of  the  lower  notes  are  just  as  accurately 
constructed  and  just  as  easy  to  move  as  those  of  the  higher  ones. 
Each  separate  tone  is  completely  cut  off  with  perfect  certainty  at 
the  moment  the  valve  falls  on  the  air  passage,  and  each  speaks  at 
the  moment  the  valve  is  raised,  because  during  so  brief  an  inter- 
ruption the  tongues  remain  in  a  state  of  vibration*  Similarly  for 
the  violoncello.  At  the  instant  when  the  finger  which  makes  the 
shake  falls  on  the  string,  the  latter  must  commence  a  vibration  of 
a  different  periodic  time,  due  to  its  length  ;  and  the  instant  that 
the  finger  is  removed,  the  vibration  belonging  to  the  deeper  tone 
must  return.  And  yet  the  shake  in  the  bass  is  as  imperfect  on 
the  violoncello  as  on  any  other  instrument.  Runs  and  shakes  can 
be  relatively  best  executed  on  a  pianoforte  because,  at  the  moment  of 
striking,  the  new  tone  sounds  with  great  but  rapidly  decreasing 
intensity.  Hence,  in  addition  to  the  inharmonic  noise  produced 
by  the  simultaneous  continuance  of  the  two  tones,  we  also  hear  a 
distinct  prominence  given  to  each  separate  tone.  Now,  since  the 
difficulty  of  shaking  in  the  bass  is  the  same  for  all  instruments, 
and  for  individual  instruments  is  demonstrably  independent  of  the 
manner  in  which  the  tones  are  produced,  we  are  forced  to  conclude 
that  the  difficulty  lies  in  the  ear  itself.  We  have  then  a  plain 
indication  that  the  vibrating  parts  of  the  ear  are  not  damped  with 
sufficient  force  and  rapidity  to  allow  of  successfully  effecting  such  a 
rapid  alternation  of  tones. 


^ 
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Nay  more,  this  fact  further  proves  that  there  m/ust  be  different 
parte  of  theear  which  are  set  i/n  vibration  by  tones  of  different  pitch 
cmd  which  receive  the  senaation  of  these  tones.  Thus,  it  might  be 
supposed  that  as  the  vibratory  mass  of  the  whole  ear,  the  drum- 
skin,  auditory  ossicles,  and  fluid  in  the  labyrinth,  were  vibrating 
at  the  same  time,  the  inertia  of  this  mass  was  the  cause  why  the 
resonant  vibrations  in  the  ear  were  not  immediately  extinguished. 
But  this  hypothesis  would  not  suffice  to  explain  the  &ct  observed. 
For  an  elastic  body  set  into  sympathetic  vibration  by  any  tone, 
vibrates  sjrmpathetically  in  the  pitch  or  with  the  vibrational 
number  of  the  exciting  tone ;  but  as  soon  as  the  exciting  tone 
ceases,  it  goes  on  sounding  in  the  pitch  or  vibrational  number  of 
its  own  proper  tone.  This  fact  which  is  derived  from  theory,  may 
be  perfectly  verified  on  tuning-forks  by  means  of  the  vibration 
microscope.  If  then  the  ear  vibrated  as  a  single  system,  and  were 
capable  of  continuing  its  vibration  for  a  sensible  time,  it  would 
have  to  do  so  at  its  own  pitch  or  with  its  own  vibrational  number, 
which  is  totally  independent  of  the  vibrational  number  of  the 
former  exciting  tone.  The  consequence  is  that  shakes  would  be 
equally  difficult  upon  both  high  and  low  tones,  and  next  that  the 
two  tones  of  the  shake  would  not  mix  with  each  other,  but  thai 
each  would  mix  with  a  third  tone,  due  to  the  ear  itself.  We 
became  acquainted  with  such  a  tone  in  the  last  chapter,  the  higli 
/'",  p.  167.  The  result,  then,  under  these  circumstances  would 
be  quite  different  from  what  is  observed. 

Now  if  a  shake  of  10  notes  in  a  second,  be  made  on  A,  of  whicl 
the  vibrational  number  is  110,  this  tone  would  be  struck  everj 
f  of  a  second.  We  may  justly  assume  that  the  shake  would  nol 
be  clear,  if  the  intensity  of  the  expiring  tone  were  not  reduced  U 
•^  of  its  original  amount  in  this  y  of  a  second.  In  this  case 
after  at  least  22  vibrations,  the  parts  of  the  ear  which  vibrate  sym- 
pathetically with  A  must  descend  to  at  least  -^  of  their  intensity 
of  vibration  as  their  tone  expires,  so  that  their  power  of  sympa 
thetic  vibration  cannot  be  of  the  first  degree  in  the  table  oi 
p.  213,  but  may  belong  to  the  second,  third,  or  some  other  highe 
d^pree.  That  the  degree  caimot  be  any  much  higher  one,  i 
shewn  in  the  first  place  by  the  feet  that  diakes  and  runs  b^in  i 
be  difficult  even  on  tones  which  do  not  lie  very  low.  This  we  shal 
see  by  observations  on  beats  subsequently  detailed.  We  may  on  th 
whole  assume  that  the  parts  of  the  ear  which  vibrate  sympatheticall 
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have  an  amount  of  damping  power  corresponding  to  the  third 
degree  of  our  table,  where  the  intensity  of  sympathetic  vibration 
with  a  Semitone  diflFerence  of  pitch  is  only  -^  of  what  it  is  for  a  com- 
plete unison.  Of  course  there  can  be  no  question  of  exact  deter- 
minations, but  it  is  important  for  us  to  be  able  to  form  at  least 
an  approximate  inception  of  the  influence  of  damping  on  the 
sympathetic  vibration  of  the  ear,  as  it  has  great  significance  in 
the  relations  of  consonance.  Hence  when  we  hereafter  speak  of  in- 
dividual parts  of  the  ear  vibrsEting  sympathetically  with  a  deter- 
minate tone,  we  niean  that  they  are  set  into  strongest  motion  by 
that  tone,  but  are  also  set  into  vibration  less  strongly  by  tones  of 
nearly  the  same  pitch,  and  that  this  sympathetic  vibration  is  still 

sensible  for  the  interval  of  a  Semi- 
tone. Fig.  52  may  serve  to  give  a 
general  conception  of  the  law  by 
which  the  intensity  of  the  sympa- 
thetic vibration  decreases,  as  the 
difference  of  pitch  increases.  The 
horizontal  line  abc  represents  a 
portion  of  the  musical  scale,  each 
of  the  lengths  ab  and  be  standing 
for  a  whole  (equally  tempered)  Tone.  Suppose  that  the  body  which 
vibrates  sympathetically  has  been  tuned  to  the  tone  b  and  that  the 
vertical  line  bd  represents  the  maximum  of  intensity  of  tone  which 
it  can  attain  when  excited  by  a  tone  in  perfect  unison  with  it. 
On  the  base  line,  intervals  of  -^  of  a  whole  tone  are  set  off,  and  the 
vertical  lines  drawn  through  them  shew  the  corresponding  intensity 
of  the  tone  in  the  body  which  vibrates  sympathetically,  when  the 
exciting  tone  differs  from  a  unison  by  the  corresponding  interval. 
The  following  are  the  numbers  from  which  fig.  52  was  constructed. 


Diflerenoe  of  Pitch 

Intmifdty 
of  Sympathetic  v  ibration 

00 

100 

0-1 

74 

0-2 

41 

0-8 

24 

0-4 

16 

Semitone 

10 

0*6 

7-2 

07 

6-4 

0-8 

4-2 

00 

3-3 

Whole  Tone      • 

27 

% 
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Now  we  cannot  precisely  ascertain  what  parts  of  the  ear 
actually  vibrate  sympathetically  with  individual  tones.  The  par* 
tides  of  auditory  sand,  being  suspended  in  a  mucous  fluid,  are 
scarcely  capable  of  really  regular  vibrations;  but  seem  rather 
suited  for  yielding  to  single  impulses  and  transmitting  them  to 
the  nerves.  The  same  holds  for  the  ciliae  in  the  ampullae,  because 
corpuscles  of  such  minute  mass,  cannot  long  retain  their  motion. 
The  form  of  the  ampullae,  which  are  wide  cavities  with  two  com- 
paratively narrow  exits,  appears  suitable  for  producing  a  distinct 
central  ciurent,  which  partly  resolves  side¥rays  into  eddies.^  Cur- 
rents of  moving  fluid,  separating  themselves  from  the  surrounding 
motionless  fluid,  are  formed  wherever  a  fluid  passes  through  an 
opening,  or  out  of  a  canal  with  sharp  edges,  into  a  wider  space. 
Every  chimney  out  of  which  proceeds  acolunm  of  air  impregnated 
with  smoke,  shews  this  phenomenon.  The  current  of  smoke  re- 
mains for  a  short  distance  distinct  from  the  surrounding  purer  air, 
and  then  resolves  into  eddies.  Now  if  nervous  excitement  depends 
upon  deflecting  the  ciliae  of  a  cell  which  forms  the  termination  of 
the  nerve,  towards  the  cell,  an  oscillation  of  the  whole  mass  of  the 
cell  floating  in  water  would  not  suffice  to  effect  this,  but  it  would 
be  necessary  for  the  individual  parts  to  be  struck  by  streams  of 
fluid  of  different  strength  and  in  different  directions.  The  auditory 
sand  and  ampullae  are  admirably  adapted  for  producing  discon- 
tinuous streams  of  this  kind. 

On  the  other  hand  the  whole  construction  of  the  partition  of 
the  cochlea,  and  of  Gorti's  arches  upon  it,  appears  suitable  for 
executing  independent  vibrations.  It  is  not  necessary  for  these 
parts  to  be  able  to  continue  their  vibrations  for  a  long  time  with- 
out assistance.  It  must  certainly  be  very  important  for  the  sense 
of  hearing  that  the  nerves  terminate  in  such  different  kinds  of 
apparatus.  Elastic  formations,  readily  damped,  are  proportionably 
more  strongly  affected  by  brief  transient  impulses  and  streams  of 
the  fluid  of  the  labyrinth,  than  by  musical  tones.  They  are  there- 
fore suitable  for  the  apprehension  of  irregular  agitations,  of  short 
duration,  and  hence  for  the  sensation  of  noises.  On  the  other 
hand  elastic  bodies  which  are  not  so  readily  damped,  are  much 
more  strongly  excited  by  a  musical  tone  of  the  corresponding 
pitch  than  by  any  single  impulses.     Our  ear  is  capable  of  doing 

'  See  mj  notice  on  the  discontiiiaoaB  motions  of  fluids  in  the  monthly  proceedings 
{Manatsberichte)  of  the  Berlin  Academy,  23  April  1868. 
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both,  and  we  may  consequently  suppose  that  this  capability  depends 
on  the  existence  of  the  different  kinds  of  tenninational  organs,  and 
that  consequently  the  expansions  of  the  nerves  in  the  vestibule 
and  ampullae  serve  for  the  apprehension  of  noises,  while  Corti's 
rods  and  the  Tnjefwbrtma  hasiJUvria  are  used  for  musical  tones. 

But  if  these  formations  are  to  serve  for  distinguishing  tones  of 
different  pitch,  and  if  tones  of  different  pitch  are  to  be  equally 
well  perceived  in  all  parts  of  the  scale,  the  elastic  formations  in  the 
cochlea,  which  are  connected  with  different  nerve  fibres,  must  be 
differently  tuned,  and  their  proper  tones  must  form  a  regularly 
progressive  series  of  degrees  through  the  whole  extent  of  the 
musical  scale. 

According  to  the  recent  anatomical  researches  of  V.  Hensen 
and  G.  Hasse,  it  is  probably  the  breadth  of  the  membranabasilaris 
in  the  cochlea,  which  determines  the  tuning.^  Opposite  the  oval 
window,  it  is  comparatively  narrow,  and  it  continually  increases  in 
width  as  it  approaches  the  apex  of  the  cochlea.  The  following 
measurements  of  the  membrane  in  a  newly  bom  child,  from  the 
line  where  the  nerves  pass  through  on  the  inner  edge,  to  the 
attachment  to  the  ligamentum  spirale  on  the  outer  edge,  are  given 
by  V.  Hensen. 


Place  of  Section 

Breadth  of  Membirane  or  Length  of 
Tranerene  Fibres 

KOlixnetres 

Inches 

0*2625  mm  [  -0*010835  in.]  from  root 
0*8626  mm  [  » 1034061  in.]  from  root 

Middle  of  the  first  spire 

End  of  first  spire 

Middle  of  second  spire 

End  of  second  spire 

At  the  hamnlns 

0*04125 

0*0825 

0*169 

0*8 

0-4125 

0-45 

0*495 

•00162 
•00325 
•00665 
•01181 
•01624 
•01772 
•01949 

The  breadth  therefore  increases  more  than  twelvefold  from  the 
beginning  to  the  end. 

Corti's  rods  also  exhibit  an  increase  of  size  as  they  approach 

*  In  the  first  edition  of  this  book  (1863),  which  was  written  at  a  time  when  the 
more  delicate  anatomy  of  the  cochlea  was  jnst  beginning  to  be  developed,  I  supposed 
that  the  difierent  degrees  of  stiffiiess  and  tension  in  Corti's  rods  themselyes  might 
furnish  the  reason  of  their  different  tuning.  By  Hensen's  measures  of  the  breadth  of 
the  membrana  basilaris  (Zieitschrift  for  wissensch.  2k>ologie,  yoL  ziii.  p.  492)  and 
Hasse's  proof  that  Corti's  rods  are  absent  in  birds  and  amphibia,  far  more  definite 
foundations  for  forming  a  judgment,  have  been  furnished,  than  I  then  possessed. 
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the  vertex  of  the  cochlea,  but  in  a  much  less  degree  than  the 
membrana  basilaris.     The  following  are  Hensen's  measurements  i 


at  the  ronnd  window                         at  the  hamolns 

nun. 

Inch 

nun. 

inoh 

Length  of  inner  rod    * . 
Length  of  outer  rod 
Span  of  the  areh  . 

0048 
0-048 
0019 

000189 
0-00189 
000075 

00855 

0-098 

0085 

000337 
000886 
0-00335 

Hence  it  follows,  as  Henle  has  also  proved,  that  the  greatest  in- 
crease of  breadth  &lls  on  the  outer  zone  of  the  basilar  membrane, 
beyond  the  line  of  the  attachment  of  the  outer  rods.  This  in- 
creases from  0-023  mm  [=-000905  in.]  to  0-41  mm  [=-016142 
inch]  or  nearly  twentyfold. 

In  accordance  with  these  measures,  the  two  rows  of  Corti's 
rods  are  almost  parallel  and  upright  near  to  the  round  window, 
but  they  are  bent  much  more  strongly  towards  one  another  near 
the  vertex  of  the  cochlea. 

It  has  been  already  mentioned  that  the  membrana  basilaris  of 
the  cochlea  breaks  easily  in  the  radial  direction,  but  that  its  radial 
fibres  have  considerable  tenacity.  This  seems  to  me  to  furnish  a 
very  important  mechanical  relation,  namely  that  this  membrane 
in  its  natural  connection  admits  of  being  tightly  stretched  in  the 
transverse  direction  from  the  modiolus  to  the  outer  wall  of  the 
cochlea,  but  can  have  only  little  tension  in  the  direction  of  its 
length,  because  it  could  not  resist  a  strong  pull  in  this  direction. 

Now  the  mathematical  theory  of  the  vibration  of  a  membrane 
with  diflTerent  tensions  in  different  directions  shews  that  it  behaves 
very  differently  from  a  membrane  which  has  the  same  tension  in  all 
directions.^  On  the  latter,  vibrations  produced  in  one  part,  spread 
uniformly  in  all  directions,  and  hence  if  the  tension  were  uniform 
it  would  be  impossible  to  set  one  part  of  the  basilar  membrane  in 
vibration,  without  producing  nearly  as  strong  vibrations  (dis- 
regarding individual  nodal  lines)  in  all  other  parts  of  the  mem- 
brane. 

But  if  the  tension  in  direction  of  its  length  is  infinitesimally 
small  in  comparison  with  the  tension  in  direction  of  the  breadth, 
then  the  radial  fibres  of  the  basilar  membrane  may  be  approxima^. 

*  See  Appendix  No.  XI. 
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tively  regarded  as  forming  a  system  of  stretched  strings,  and  the 
membranous  connection  as  only  serving  to  give  a  fulcrum  to  the 
pressure  of  the  fluid  against  these  strings.  In  that  case  the  laws 
of  their  motion  would  be  the  same  as  if  every  individual  string 
moved  independently  of  all  the  others,  and  obeyed,  by  itself,  the 
influence  of  the  periodically  alternating  pressure  of  the  fluid 
of  the  labyrinth  contained  in  the  vestibule  gallery.  Consequently 
any  exciting  tone  would  set  that  part  of  the  membrane  into 
sympathetic  vibration,  for  which  the  proper  tone  of  one  of  its  radial 
fibres  that  are  stretched  and  loaded  with  the  various  appendages 
already  described,  corresponds  most  nearly  with  the  exciting  tone; 
and  thence  the  vibrations  will  extend  with  rapidly  diminishing 
strength  on  to  the  adjacent  parts  of  the  membrane.  Fig.  52,  on 
p.  216,  might  be  taken  to  represent,  on  an  exaggerated  scale  of 
height,  a  longitudinal  section  of  that  part  of  the  basilar  membrane 
in  which  the  proper  tone  of  the  radial  fibres  of  the  membrane  are 
nearest  to  the  exciting  tone. 

The  strongly  vibrating  parts  of  the  membrane  would,  as  has 
been  explained  in  respect  to  all  bodies  which  vibrate  sympatheti- 
cally, be  more  or  less  limited,  according  to  the  degree  of  damping 
power  in  the  adjacent  parts,  by  friction  against  the  fluid  in  the 
labyrinth  and  in  the  soft  gelatinous  parts  of  the  nerve  fillet. 

Under  these  circumstances  the  parts  of  the  membrane  in  unison 
with  higher  tones  must  be  looked  for  near  the  round  window,  and 
those  with  the  deeper,  near  the  vertex  of  the  cochlea,  as  Hensen 
also  concluded  from  his  measurements.  That  such  short  strings 
should  be  capable  of  corresponding  with  such  deep  tones,  must  be 
explained  by  their  being  loaded  in  the  basilar  membrane  with  all 
kinds  of  solid  formations;  the  fluid  of  both  galleries  in  the 
cochlea  must  also  be  considered  as  weighting  the  membrane, 
because  it  cannot  move  without  a  kind  of  wave  motion  in  that 
fluid. 

The  observations  of  Hasse  shew  that  Corti's  arches  do  not  exist 
in  the  cochlea  of  birds  and  amphibia,  although  the  other  essential 
parts  of  the  cochlea,  as  the  basilar  membrane,  the  ciliated  cells  in  con- 
nection with  the  terminations  of  the  nerves,  and  Corti's  membrane 
which  stands  opposite  the  ends  of  these  ciliae,  are  all  present. 
Hence  it  becomes  very  probable  that  Corti's  arches  play  only  a 
secondary  part  in  the  oflBce  of  the  cochlea.  Perhaps  we  might 
look  for  the  effect  of  Corti's  arches  in  their  power,  as  relatively  firm 
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objects,  of  transmittiBg  the  vibrations  of  the  basilar  membraBe  to 
small  limited  regions  of  the  upper  part  of  the  relatively  thick 
nervous  fillet,  better  than  it  could  be  done  by  the  immediate  com- 
munication of  the  vibrations  of  the  basilar  membrane  through  the 
soft  mass  of  this  fillet.  Close  to  the  outside  of  the  upper  end  of 
the  arch,  connected  with  it  by  the  stifier  fibriles  of  the  membrana 
reticularis,  are  the  ciliated  cells  of  the  nervous  fillet  (see  c  in  fig. 
49,  p.  208).  In  birds,  on  the  other  hand,  the  ciliated  cells  form 
a  thin  stratum  upon  the  basilar  membrane,  which  can  readily 
receive  limited  vibrations  from  the  membrane,  without  communi* 
eating  them  too  far  8ide¥rays. 

According  to  this  view  CortTs  arches,  in  the  last  resort,  will  be 
the  means  of  transmitting  the  vibrations  received  {torn,  the  basilar 
membrane  to  the  terminal  appendages  of  the  conducting  nerve. 
In  this  sense  the  reader  is  requested  hereafter  to  understand  refer* 
ences  to  the  vibrations,  proper  tone,  and  intonation  of  Corti's 
arches ;  the  intonation  meant  is  that  which  they  receive  through 
their  connection  with  the  corresponding  part  of  the  basilar  mem-^ 
brane. 

According  to  Kolliker  there  are  about  3000  of  Corti's  arches  in 
the  human  cochlea.     If  we  deduct  200  for  the  simple  tones  which 
lie  beyond  musical  limits,  and  cannot  have  their  pitch  perfectly 
apprehended,  there  remain  2800  for  the  seven  octaves  of  musidal 
instruments,  that  is,  400  for  every  octave,  33^  for  every  interval  of 
a  semitone ;  certainly  quite  enough  to  explain  the  power  of  dis- 
tinguishing small  parts  of  a  semitone.  According  to  E.  H.  Weber's 
investigations  practised  musicians  can  perceive  even  a  difference 
of  pitch  for  which  the  vibrational  numbers  are  as  1000  to  1001. 
This  would  be  about  -jL  of  a  semitone,  which  is  a  smaller  interval 
than  that  between  the  pitch  of  two  of  Corti's  arches.     But  that 
does  not  prejudice  our  assumption.     For  if  a  simple  tone  is  struck 
having  a  pitch  between  those  of  two  of  Corti's  arches,  it  Would  set 
them  both  in  sympathetic  vibration,  and  that  arch  would  vibrate 
the  more  strongly  which  was  nearest  in  pitch  to  the  proper  tone. 
The  amount  of  power  in  discriminating  small  intervals  between 
two  pitches  which  lie  between  those  of  two  arches  will  therefore 
finally  depend  upon  the  delicacy  with  which  the  different  forces  of 
the  vibrations  excited  can  be  compared.     And  we  have  thus  also 
an  explanation  of  the  fact  that  as  the  pitch  of  an  external  tone 
rises  continuously,  our  sensations  also  alter  continuously  and  not 
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by  jumps,  as  must  be  the  case  if  only  one  of  Corti's  arches  were 
set  in  sympathetic  motion  at  once. 

To  draw  further  conclusions  &om  our  hypothesis,  when  a  simple 
tone  is  presented  to  the  ear,  those  Corti's  arches  which  are  nearly 
or  exactly  in  unison  with  it  will  be  strongly  excited,  and  the  rest 
only  slightly  or  not  at  all.  Hence  every  simple  tone  of  determinate 
pitch  will  be  felt  only  by  certain  nerve  fibres,  and  simple  tones  of 
difiTerent  pitch  will  excite  different  fibres.  When  a  compound 
musical  tone  or  chord  is  presented  to  the  ear,  all  those  elastic 
bodies  will  be  excited,  which  have  a  proper  pitch  corresponding  to 
the  various  individual  simple  tones  contained  in  the  whole  mass  of 
tones,  and  hence  by  properly  directing  attention,  all  the  individual 
sensations  of  the  individual  simple  tones  can  be  perceived.  The 
chord  must  be  resolved  into  its  individual  compound  tones,  and 
the  compound  tone  into  its  individual  harmonic  partial  tones. 

This  also  explains  how  it  is  that  the  ear  resolves  a  motion  of 
the  air  into  pendular  vibrations  and  no  other.  Any  particle  of  air 
can  of  course  execute  only  one  motion  at  one  time.  That  we 
considered  such  a  motion  mathematically  as  a  sum  of  pendular 
vibrations,  was  in  the  first  instance  merely  an  arbitrary  assump- 
tion to  fEu^ilitate  theory,  and  had  no  meaning  in  nature.  The  first 
meaning  in  nature  that  we  found  for  this  resolution  came  from  con- 
sidering sympathetic  vibration,  when  we  discovered  that  a  motion, 
which  was  not  pendular  could  produce  sympathetic  vibrations  in 
bodies  of  those  different  pitches,  which  corresponded  to  the  harmonic 
upper  partial  tones.  And  now  our  hypothesis  has  also  reduced  the 
phenomenon  of  hearing  to  that  of  sympathetic  vibration,  and 
thus  furnishes  a  reason  why  an  originally  simple  periodic  vibration 
of  the  air  produces  a  sum  of  different  sensations,  and  hence  also 
appears  as  compoimd  to  our  perceptions. 

The  sensation  of  different  pitch  would  consequently  be  a 
sensation  in  different  nerve  fibres.  The  sensation  of  a  quality  of 
tone  would  depend  upon  the  power  of  a  given  compound  tone  to 
set  in  vibration  not  only  those  Corti's  arches  which  correspond 
to  its  prime  tone,  but  also  a  series  of  other  arches,  and  hence 
to  excite  sensation  in  several  different  groups  of  nerve  fibres. 

Physiologically  it  should  be  observed  that  the  present  assump- 
tion reduces  sensations  which  differ  qualitatively  according  to  pitch 
and  quality  of  tone,  to  a  difference  in  the  nerve  fibres  which  are 
excited.  This  is  a  step  similar  to  that  taken  in  a  wider  field  by 
Johannes  Miiller  in  his  theory  of  the  specific  energies  of  sense. 
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He  has  shewn  that  the  difference  in  the  sensations  due  to  various 
senses,  does  not  depend  upon  the  actions  which  excite  them,  but 
upon  the  various  nervous  arrangements  which  receive  them.     We 
can  convince  ourselves  experimentally  that  in  whatever  manner  the 
optic  nerve  and  its  expansion^  the  retina  of  the  eye,  may  be  excited, 
by  light,  by  twitching,  by  pressure,  or  by  electricity,  the  result  is 
never  anything  but  a  sensation  of  light,  and  that  the  tactual 
nerves  on  the  contrary  never  give  us  sensations  of  light  or  of 
hearing  or  of  taste.    The  same  solar  rays  which  are  felt  as  light 
by  the  eye,  are  felt  by  the  nerves  of  the  hand  as  heat ;  the  same 
agitations  which  are  felt  by  the  hand  as  flutters,  are  tone  to  the  ear. 
Just  as  the  ear  apprehends  vibrations  of  different  periodic 
time  as  tones  of  different  pitch,  so  does  the  eye  perceive  lumini- 
ferous  vibrations  of  different  periodic  time,  as  different  colours, 
the  quickest  giving  violet  and  blue,  the  mean  green  and  yellow, 
the  slowest  red.    The  laws  of  the  mixture  of  colours  led  Thomas 
Young  to  the  hypothesis  that  there  were  three  kinds  of  nerve 
fibres  in  the  eye,  with  different  powers  of  sensation,  for  feeling 
red,  for  feeling  green,  and  for  feeling   violet.     In  reality   this 
assumption  gives  a  very  simple  and  perfectly  consistent  explana- 
tion of  all  the  optical  phenomena  depending  on  colour.     And  by 
this  means  the  qualitative  differences  of  the  sensations  of  sight 
are  reduced  to  differences  in  the  nerves  which  receive  the  sensa* 
tions.    For  the  sensations  of  each  individual  fibre  of  the  optic 
nerve  there  remains  only  the  quantitative  differences  of  greater  or 
less  irritation. 

The  same  result  is  obtained  for  hearing  by  the  hypothesis 
to  which  our  investigation  of  quality  of  tone  has  led  us.  The 
qualitative  difference  of  pitch  and  quality  of  tone  is  reduced  to 
a  difference  in  the  fibres  of  the  nerve  receiving  the  sensation, 
and  for  each  individual  fibre  of  the  nerve  there  remains  only  the 
quantitative  differences  in  the  amount  of  excitement. 

The  processes  of  irritation  within  the  nerves  of  the  muscles, 
by  which  their  contraction  is  determined,  have  hitherto  been  more 
accessible  to  physiological  investigation  than  those  which  take 
place  in  the  nerves  of  sense.  In  those  of  the  muscle,  indeed, 
we  only  find  quantitative  differences  of  more  or  less  excitement, 
and  no  qualitative  differences  at  all.  In  them  we  are  able  to 
establish,  that  during  excitement  the  electrically  active  particles 
of  the  nerves  undergo  determinate  changes,  and  that  these  changes 
ensue  in  exactly  the  same  way  whatever  be  the  excitement  which 
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causes  them.  But  precisely  the  same  changes  also  take  place  in 
an  excited  nerve  of  sense,  although  their  consequence  in  this  case 
is  a  sensation,  while  in  the  other  it  was  a  motion ;  and  hence  we  see 
that  the  mechanism  of  the  process  of  irritation  in  the  nerves  of  sense 
must  be  in  every  respect  similar  to  that  in  the  nerves  of  motion. 
The  two  hypotheses  just  explained  really  reduce  the  processes 
in  the  nerves  of  man's  two  principal  senses,  notwithstanding  their 
apparently  involved  qualitative  dififerences  of  sensations,  to  the 
same  simple  scheme  with  which  we  are  familiar  in  the  nerves 
of  motion*  Nerves  have  been  often  and  not  unsuitably  com- 
pared to  telegraph  wires.  Such  a  wire  conducts  one  kind  of 
electric  current  and  no  other;  it  may  be  stronger,  it  may  be 
weaker,  it  may  move  in  either  direction ;  it  has  no  other  qualita- 
tive differences.  Nevertheless,  according  to  the  different  kinds 
of  apparatus  with  which  we  provide  its  terminations,  we  can  send 
telegraphic  dispatches,  ring  bells,  explode  mines,  decompose  water, 
move  magnets,  magnetise  iron,  develop  light,  and  so  on.  So 
with  the  nerves.  The  condition  of  excitement  which  can  be  pro- 
duced in  them  and  is  conducted  by  them,  is,  so  far  as  it  can  be 
recognised  in  isolated  fibres  of  a  nerve,  everywhere  the  same,  but 
when  it  is  brought  to  various  parts  of  the  brain,  or  the  body, 
it  produces  motion,  secretions  of  glands,  increase  and  decrease 
of  the  quantity  of  blood,  of  redness  and  of  warmth  of  individual 
organs,  and  also  sensations  of  light,  of  hearing,  dnd  sb  forth. 
Supposing  that  every  qualitatively  different  action  is  produced 
in  an  organ  of  a  different  kind,  to  which  also  separate  fibres 
of  nerve  must  proceed,  then  the  actual  process  of  irritation  in 
individual  nerves  may  always  be  precisely  the  same,  just  as  the 
electrical  current  in  the  telegraph  wires  remains  one  and  the  same 
notwithstanding  the  various  kinds  of  effects  which  it  produces  at 
its  extremities.  On  the  other  hand,  if  we  assume  that  the  same 
fibre  of  a  nerve  is  capable  of  conducting  different  kinds  of  sensa- 
tion, we  should  have  to  assume  that  it  admits  6f  various  kinds  of 
processes  of  irritation,  and  this  we  have  been  hitherto  unable  to 
establish. 

In  this  respect  then  the  vie>^  here  proposed,  like  Young's 
hypothesis  for  the  difference  of  colours,  has  a  still  wider  significa- 
tion for  the  physiology  of  tlie  nerves  in  general. 
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the  first  puUication  of  this  book,  the  theory  of  auditory 
seontioD  here  explained,  has  received  an  interesting  confirmation 
from  the  observations  and  experiments  made  by  V.  Hensen*  on  the 
anditory  apparatus  of  the  Crustaceae.  These  animals  have  bags  of 
auditory  stones  (otoliths),  partly  dosed,  partly  opening  outwards, 
in  which  these  stones  float  freely  in  a  watery  fluid  and  are  sup- 
ported by  hairs  of  a  peculiar  formation,  attached  to  the  stones 
at  one  «id,  and,  partly,  arranged  in  a  series  proceeding  in  order  of 
magnitude,  from  larger  and  thicker  to  shorter  and  thinner.  In  many 
crustaceans  also  we  find  precisely  similar  hairs  on  the  open  surfitce  of 
the  body,  and  these  must  be  considered  as  auditory  hairs.  The  proof 
that  these  external  hairs  are  also  intended  for  hearing,  depends 
first  on  the  similarity  of  their  construction  with  that  of  the  hairs  in 
the  bags  of  otoliths ;  and  secondly  on  Hensen^s  discovery  that  the 
sensation  of  hearing  remained  in  the  Mysis  (opossimi  shrimp) 
when  the  bags  of  otoliths  had  been  extirpated,  and  the  external 
auditory  hairs  of  the  antennae  were  left. 

Hensen  conducted  the  sound  of  a  keyed  horn  through  an 
apparatus  formed  on  the  model  of  the  drumskin  and  auditory 
ossicles  of  the  ear  into  the  water  of  a  little  box  in  which  a  specimen 
of  Mysis  was  fisistened  in  such  a  ¥ray  as  to  allow  the  external  auditory 
hairs  of  the  tail  to^be  observed.  It  was  then  seen  that  certain 
tones  of  the  horn  set  some  hairs  into  strong  vibration,  and  other 
tones  other  hairs.  Each  hair  answered  to  several  notes  of  the 
horn,  and  from  the  notes  mentioned  we  can  approximatively 
recognise  the  series  of  subtones  of  one  and  the  same  simple  tone. 
The  results  could  not  be  quite  pure,  because  the  resonance  of  the 
apparatus  must  have  had  some  influence. 

Thus  one  of  these  hairs  answered  strongly  to  dj^  and  ci'^,  more 
weakly  to  gr,  and  very  weakly  to  0.  This  leads  us  to  suppose  that 
it  was  tuned  to  some  pitch  between  d''  and  d"if^  In  that  case  it 
answered  to  the  second  partial  of  d'  to  (i'jf,  the  third  of  g  to  (7^, 
the  fourth  of  c2  to  c2^,  and  the  sixth  of  G  to  Gjj^  A  second  hair 
answered  strongly  to  ajf  and  the  adjacent  tones,  more  weakly  to  dij^ 
and  A^     Its  proper  tone  therefore  seems  to  have  been  a^. 

By  these  observations  the  existence  of  such  relations  as  we 
have  supposed  in  the  case  of  the  human  cochlea,  have  been  directly 

»  '  Studien  iiber  daa  Oehororgan  der  Docapodon/  Leipng,  1863.     Reprinted  from 
Sie>x)ld  and  Kolliker's  '  Zeitschrift  fiir  wissenBcbaflliche  ZiOologio/  vol.  xiii. 
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CHAPTER  VII. 

COMBINATIONAL    TONES. 

In  the  first  part  of  this  book  we  had  to  enunciate  and  constantly 
apply  the  proposition  that  oscillatory  motions  of  the  air  and  other 
elastic  bodies,  produced  by  several  sources  of  sound  acting  simul- 
taneously, are  always  the  exact  sum  of  the  individual  motions  pro- 
ducible by  each  source  separately.  This  law  is  of  extreme  impor- 
tance in  the  theory  of  soimd,  because  it  reduces  the  consideration 
of  compound  cases  to  those  of  simple  ones.  But  it  must  be 
observed  that  this  law  holds  strictly  only  in  the  case  where  the 
vibrations  in  all  parts  of  the  mass  of  air  and  of  the  resonant  elastic 
bodies  are  of  infinitely  small  dimenaiona ;  that  is  to  say,  only 
when  the  alterations  of  density  of  the  elastic  bodies  are  so  small 
that  they  may  be  disregarded  in  comparison  with  the  whole 
density  of  the  same  body ;  and  in  the  same  way,  only  when  the 
displacements  of  the  vibrating  particles  vanish  as  compared  with 
the  dimensions  of  the  whole  elastic  body.  Now  certainly  in  all  prac- 
tical applications  of  this  law  to  resonant  bodies,  the  vibrations  are 
always  very  small,  and  near  enough  to  being  vafinitesvmaUy  small 
for  this  law  to  hold  with  great  exactness  even  for  the  real  resonant 
vibrations  of  musical  tones,  and  by  far  the  greater  part  of  their 
phenomena  can  be  deduced  &om  that  law  in  conformity  with  ob- 
servation. Still,  however,  there  are  certain  phenomena  which 
result  from  the  £Bu;t  that  this  law  does  not  hold  with  perfect  ex- 
actness for  vibrations  of  elastic  bodies,  which,  though  very  smallj 
are  fax  from  being  infinitely  smalls  One  of  these  phenomena 
with  which  we  are  here  interested,  is  the  occurrence  of  Comhvaa^ 
tianal  T(m6«,  which  were  first  discovered  in  1740  by  Sorge;*  a 

*  Helmholtz,  on  '  Combinational  Tones/  in  PoggendorfTs  *  Annalen/  toL  xcix,  p. 
497. — '  Monatoberichte '  of  the  Berlin  Academy,  May  22,  1866.  From  this  an  extract 
is  given  in  Appendix  No.  XIL 

'  *  Vorgemaeh  masikalischer  Compoeition '  (Antechamber  of  mnsical  composition). 
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German  organist,  and  were  afterwards  generally  known,  although 
their  pitch  was  often  wrongly  assigned,  through  the  Italian  vio- 
linist Tartini,  from  whom  they  are  often  called  Tartini^s  tones^ 

These  tones  are  heard  whenever  two  musical  tones  of  different 
pitches  are  sounded  together,  loudly  and  continuously.  The  pitch 
of  a  combinational  tone  is  generally  different  from  that  of  either 
of  the  generating  tones,  or  of  their  harmonic  upper  partials.  In 
experiments,  then,  the  combinational  are  readily  distinguished  from 
the  upper  partial  tones,  by  not  being  heard  when  only  one  gene- 
rating tone  is  sounded,  and  by  appearing  simultaneously  with  the 
second  tone.  Combinational  tones  are  of  two  kinds.  The  first 
class,  discovered  by  Sorge  and  Tartini,  I  have  termed  differential 
tonesj  because  their  vibrational  number  is  the  difference  of  the 
vibrational  numbers  of  the  generating  tones.  The  second  class 
of  summcUioncd  tones,  having  their  vibrational  number  equal  to 
the  sum  of  the  vibrational  niunbers  of  the  generating  tones,  were 
discovered  by  myself. 

On  investigating  the  combinational  tones  of  two  compound 
musical  tones,  we  find  that  both  the  primary  and  upper  partial 
tones  may  give  rise  to  both  differential  and  smnmational  tones. 
In  such  cases  the  number  of  combinational  tones  is  very  great. 
But  it  must  be  observed  that  generally  the  differential  are  stronger 
than  the  summational  tones,  and  that  the  stronger  generating 
simple  tones  produce  stronger  combinational  tones.  The  com- 
binational tones,  indeed,  increase  in  a  much  greater  ratio  than  the 
generating  tones,  and  diminish  also  more  rapidly.  Now  since  in 
musical  compound  tones  the  prime  generally  predominates  over 
the  partials,  the  differential  tones  of  the  two  primes  are  generally 
heard  more  loudly  than  all  the  rest,  and  were  consequently  first 
discovered.  They  are  most  easily  heard  when  the  two  generating 
tones  are  less  than  an  Octave  apart,  because  in  that  case  the  differ- 
ential is  deeper  than  either  of  the  two  generating  tones.  To  hear 
it  at  first,  choose  two  tones  which  can  be  held  with  great  force  for 
some  time,  and  form  a  justly  intoned  harmonic  interval.  First 
sound  the  low  tone  and  then  the  high  one.    On  properly  directing 

»  [In  England  they  have  hence  been  often  called  by  Tartini's  name,  terzi  tuoni,  or 
third  tones,  resulting  firom  the  combination  of  two.  A  commoner  English  name  is 
grave  harmonics,  which  is  inapplicable,  as  they  are  not  necessarily  graver  than  both  of 
the  generating  tones.  Prof.  Tyndall  calls  thorn  resultant  tones.  I  prefer  retaining 
the  Latin  expression  used  by  Prof.  Helmholtz  and  Schoibler.— TVaiwto/or.] 
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attention,  a  weaker  low  tone  will  be  beard  at  tbe  moment  that  the 
higher  note  is  struck ;  this  is  the  required  combinational  tone.* 
For  particular  instruments,  as  the  harmonium,  the  combinational 
tones  can  be  made  more  audible  by  properly  tuned  resonators.  In 
this  case  the  tones  are  generated  in  the  air  contained  within  the 
instrument.  But  in  other  cases,  where  they  are  generated  solely 
within  the  ear,  the  resonators  are  of  little  or  no  use. 

The  following  table  gives  the  first  differential  tones  of  the 
usual  harmonic  intervals : — 


Tntemlfl 

Batio  of  the 
Tibra.tionAl 

Difference  of 

The  combinationa]  tone  is  deeper 

numbeni 

the  some 

than  the  deeper  generating  tone  by 

Octave . 

1  :2 

a  Unison 

Fifth    . 

2:3 

an  Octave 

Fourth . 

8:4 

a  Twelfth 

Major  Third. 

4:6 

Two  Octaves 

Minor  Third . 

6:6 

Two  Octaves  and  a  major  Third 

Major  Sixth . 

8:6 

2 

a  Fifth 

Minor  Sixth  . 

6:8 

8 

a  m^jor  Sixth 

or  in  ordinary  musical  notation,  the  generating  tones  being  written 
as  minims  and  the  differential  tones  as  crotchets — 


*  [I  have  found  that  combinational  tones  can  be  made  quite  audible  to  a  hundred 
people  at  once,  hy  means  of  two  flageolet  fifes  or  whistles,  blown  as  strongly  as 
possible.  I  choose  very  dose  dissonant  intervals  because  the  great  depth  of  the  low 
tone  is  very  striking,  being  very  far  below  anything  that  can  be  touched  by  the 
instrument  itself.  Thus  g""  being  soimded  loudly  on  one  pipe  by  an  assistant,  I  give 
/"I  ,when  a  deep  note  is  instantly  heard  which,  if  the  interval  were  pure,  would  be 
ff,  and  is  sufficiently  near  to  ^  to  be  recognised  as  extremely  deep.  As  a  second  experi- 
ment, the  y'  being  held  as  before,  I  give  first /""S  and  then  ef'"  in  succession.  If 
the  intervals  were  pure  the  combinational  tones  would  jump  from  ff  to  c",  and  in 
reality,  the  interval  is  very  nearly  the  same  and  quite  appreciable.  The  differential 
tones  are  well  heard  on  the  English  concertina,  especially  if  the  ear  be  placed  against 
the  bellows  and  the  interval  be  small.  Semitones  tell  well.  The  tones  f'"Z  and 
y"',  and  «"'  and  ^"  are  here  also  instructive,  but  are  not  so  well  fitted  for  a  large 
audience  as  the  fifes.  It  is  also  convenient  to  choose  these  dissonant  intervals  for 
first  examples  in  order  to  dissipate  the  notion  that  the  '  grave  harmonic '  is  the  *  true 
fundamental  bass '  of  the  *  chord.'  Again,  to  dissipate  the  notion  that  the  combinational 
tones  arise  from  the  number  of  beats  produced  (p.  236,  line  1),  I  find  it  best  to  use  on  the 
English  concertina,/' and /'8  or/"  and /"8  as  generators.  By  proper  attention 
it  is  then  quite  possible  to  hear  the  booming  of  the  very  low  differential  tones  in  the 
eontra  octave,  and  the  rattle  of  the  beats,  at  the  same  time.  Generally  when  the  ear 
has  come  to  recognise  the  combinational  tones,  the  performer  himself  will  find  them 
inconveniently  prominent  on  the  English  conccitina. — Translator.^ 


232 


COMBINATIONAL  TONES. 


Past  II. 


Octave.        Fifth.       Fourth.     Major       Minor      Major        Minor 

Third.       Third.       Sixth.        Sixth. 


^ 


i 


? 


=1 


When  the  ear  has  learned  to  hear  the  combinational  tones  of 
pure  intervals  and  sustained  tones,  it  will  be  able  to  hear  them 
from  inharmonic  intervals  and  in  the  rapidly  dying  notes  of  a 
pianoforte.  The  combinational  tones  from  inharmonic  intervals 
are  more  difficult  to  hear,  because  these  intervals  beat  more  or  less 
strongly,  as  we  shall  have  to  explain  hereafter.  Those  arising 
from  tones  which  rapidly  die  oflF,  as  those  of  the  pianoforte,  are  not 
strong  enough  to  be  heard  except  at  the  first  instant,  and  die  off 
more  rapidly  than  the  generating  tones.  Combinational  tones  are 
also  in  general  easier  to  hear  from  the  simple  tones  of  timing- 
forks  and  stopped  organ  pipes  than  from  compound  tones  where  a 
number  of  other  secondary  tones  are  also  present.  These  com- 
pound tones,  as  has  been  already  ^aid,  also  generate  a  number  of 
differential  tones  by  their  harmonic  upper  partials,  and  these 
easily  distract  attention  from  the  differential  tones  of  the  primes. 
Combinational  tones  of  this  kind,  arising  from  the  upper  partials, 
are  frequently  heard  from  the  violin  and  harmoniiun. 

Exarnple, — Take  the  migor  Third  cV,  ratio  of  vibrational  numbers  4  :  6.  first 
difiference  1,  that  is  C,  The  first  harmonic  upper  partial  of  c*  is  c'\  vibrational 
number  S.  Hatio  of  this  and  e'^  6  I  S,  difference  3,  that  is  g.  The  first  upper  partial 
of  ^  is  ^',  vibrational  number  10 ;  ratio  for  this  and  </,  4  :  1 0,  difference  6,  that  is  ^. 
Then  again  c"  e''  have  ratio  S  :  10,  difference  2,  that  is  e.  Hence,  taking  only  the 
first  upper  partials  we  have  the  series  of  combinational  tones  1,  3,  6,  2  or  C,  g,  g',  o. 
Of  these  the  tone  3,  or  g^  is  often  easily  perceived. 

These  multiple  combinational  tones  cannot  in  general  be 
distinctly  heard,  except  when  the  generating  compound  tones 
contain  audible  harmonic  upper  partials.  Yet  we  cannot  assert 
that  the  combinational  tones  are  absent,  where  such  partials  are 
absent ;  but  in  that  case  they  are  so  weak  that  the  ear  does  not 
readily  recognise  them  beside  the  loud  generating  tones  and  first 
differential.     In  the  first  place  theory  leads  us  to  conclude  that 
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they  do  exist  in  a  weak  state,  and  in  the  next  place  the  beats  of 
impure  intervals,  to  be  discussed  presently,  also  establish  their 
existence.  In  this  case  we  may,  as  Hallstroem  suggests,'  consider 
the  multiple  combinational  tones  to  arise  thus :  the  first  di£feren- 
tial  tone,  or  coirAim^tional  tone  of  the  first  order ^  by  combination 
with  the  generating  tones  themselves,  produce  other  differential 
tones,  or  coriM/naiional  tones  of  the  second  ordei*;  these  again 
produce  new  ones  with  the  generators  and  differentials  of  the  first 
order,  and  so  on. 

Exam^, — ^Take  two  simple  tones  &  and  tf^  ratio  4  :  6,  difference  1,  differential 
tone  of  the  first  order  G.  This  with  the  generators  gires  the  ratios  1  :  4  and  1  :  6, 
differences  3  and  4,  differential  tones  of  the  second  order  g^  and  &  once  more.  The 
new  tone  3,  gives  with  the  generators  the  ratios  3  :  4  and  3  :  6,  differences  1  and  2, 
giving  the  differential  tones  of  the  third  order  C  and  c,  and  the  same  tone  3  gives 
with  the  differential  of  the  first  order  1,  the  ratio  1  :  3,  difference  2,  and  hence  as  a 
differential  of  the  fonrth  order  c  once  more,  and  so  on.  The  differential  tones  of 
different  orders  which  coincide  when  the  interval  is  perfect,  as  it  is  supposed  to  be  in 
this  example,  no  longer  exactly  coincide  when  the  generating  interval  is  not  pure ; 
and  consequently  such  beats  are  heard,  as  would  result  from  the  presence  of  these 
tones.    More  on  this  hereafter. 

The  differential  tones  of  different  orders  for  different  intervals 
are  given  in  the  following  notes,  where  the  generators  are  minims, 
the  combinational  tones  of  the  first  order  crotchets,  of  the  second 
quavers,  and  so  on.  The  same  tones  also  occur  with  compound 
generators  as  combinational  tones  of  their  upper  partials. 

Octave.  Fifth.  Fourth.  Major  third. 


Minor  third. 


Major  sixth. 


Minor  sixth. 


*  Poggendorff's  *  Annalen,'  vol.  xxiv.  p.  438. 
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The  fieries  are  broken  off  as  soon  as  the  last  order  of  differentials 
fiirnishes  no  fresh  tones.  In  general  these  examples  shew  that  the 
complete  series  of  harmonic  partial  tones  1,  2,  3,  4,  5,  &c«,  up 
to  the  generators  themselves,  is  produced. 

The  second  kind  of  combinational  tones,  which  I  have  dis- 
tinguished as  aurn/mational^  is  generally  much  weaker  in  sound 
than  the  first,  and  is  to  be  heard  with  decent  ease  almost  only  on 
the  harmonium  and  polyphonic  syren.  Scarcely  any  but  the  first 
summational  tone  can  be  perceived,  having  a  vibrational  number 
equal  to  the  sum  of  those  of  the  generators.  Of  course  summa- 
tional tones  may  also  arise  from  the  harmonic  upper  partials.  Since 
their  vibrational  number  is  always  equal  to  the  sum  of  the  other 
two,  they  are  always  higher  in  pitch  than  either  of  the  two 
generators.  The  following  notes  will  shew  their  nature  for  the 
simple  intervals. 


1  J?    1  1 

1 

— 1 — 

— 1 1- 

L  1  ,  !  II 
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f= 

|v«^      s? 

4^ 

r 

^^ 

■ — f2 — 

— f 

Octave,     fifth.      Fourth.      Major        Major        Minor         Minor 

Sixth.       Third.       Third.         Sixth. 

For  the  two  last  intervals  the  simmiational  tone  in  each  case 
lies  between  the  two  notes  written.  In  relation  to  music  I  will 
here  remark  at  once  that  many  of  these  summational  tones  form 
extremely  inharmonic  intervals  with  the  generators.  Were  they 
not  generally  so  weak  on  most  instruments,  they  would  give  rise  to 
intolerable  dissonances.  In  reality,  the  major  and  minor  Third, 
and  the  minor  Sixth,  sound  very  badly  indeed  on  the  polyphonic 
siren,  where  all  combinational  tones  are  renlarkably  loud,  whereas 
the  Octave,  Fifth,  and  major  Sixth  are  very  beautiful.  Even  the 
Fourth  on  this  siren  has  only  the  effect  of  a  tolerably  harmonious 
chord  of  the  minor  Seventh. 

It  was  formerly  believed  that  the  combinational  tones  were 
purely  subjective,  and  were  produced  in  the  ear  itself.  Differen- 
tial tones  alone  were  known,  and  these  were  connected  with  the 
beats  which  usually  result  from  the  simultaneous  resonance  of  two 
tones  of  nearly  the  same  pitch,  a  phenomenon  to  be  considered  in 
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the  following  chapters.  It  was  believed  that  when  these  beats 
occurred  with  sufficient  rapidity,  the  individual  increments  of 
loudness  might  produce  the  sensation  of  a  new  tone,  just  as 
numerous  ordinary  impulses  of  the  air,  and  that  the  vibrational 
number  of  such  a  tone  would  be  equal  to  the  number  of  beats. 
But  this  supposition,  in  the  first  place,  does  not  explain  the 
origin  of  summational  tones,  being  confined  to  the  differentials ; 
secondly,  it  may  be  proved  that  imder  certain  conditions  the  com- 
binational tones  exist  objectively,  independently  of  the  ear  which 
would  have  had  to  gather  the  beats  into  a  new  tone ;  and  thirdly, 
this  supposition  cannot  be  reconciled  with  the  law  confirmed  by 
all  other  experiments,  that  the  only  tones  which  the  ear  hears, 
correspond  to  pendular  vibrations  of  the  air. 

And  in  reality  a  different  cause  for  the  origin  of  combinational 
tones  can  be  established,  which  has  already  been  mentioned  in 
general  terms.  "WTienever  the  vibrations  of  the  air  or  of  other 
elastic  bodies  which  are  set  in  motion  at  the  same  time  by  two 
generating  simple  tones,  are  so  powerful  that  they  can  no  longer 
be  considered  infinitely  small,  mathematical  theory  shews  that 
vibrations  of  the  air  must  arise  which  have  the  same  vibrational 
numbers  as  the  combinational  tones. 

Particular  instruments  give  very  powerful  combinational  tones. 
The  condition  for  their  generation  is  that  the  same  mass  of  air 
should  be  violently  agitated  by  two  simple  tones  simultaneously. 
This  takes  place  most  powerfully  in  the  polyphonic  siren,^  in  which 
the  same  rotating  disc  contains  two  or  more  series  of  holes  which 
are  blown  upon  simultaneously  from  the  same  wind  chest,  llie 
air  of  the  wind  chest  is  condensed  whenever  the  holes  are  closed ; 
on  the  holes  being  opened,  a  large  quantity  of  air  escapes,  and  the 
pressure  is  considerably  diminished.  The  mass  of  air  in  the  wind 
chest,  and  partly  even  in  the  bellows,  as  can  be  easily  felt,  comes 
into  violent  vibration.  If  two  rows  of  holes  are  blown,  vibrations 
arise  in  the  air  of  the  wind  chest  corresponding  to  both  tones,  and 
each  row  of  openings  gives  vent  not  to  a  stream  of  air  imiformly 
supplied,  but  to  a  stream  of  air  already  set  in  vibration  by  the 
other  tone.  Under  these  circiunstances  the  combinational  tones 
are  extremely  powerful,  almost  as  powerful,  indeed,  as  the  generators. 
Their  objective  existence  in  the  mass  of  air  can  be  proved  by 

•  A  detailed  doBcription  of  this  instrument  wiU  bo  given  in  the  next  chapter. 


236  COMBINATIONAL  TONES.  Part  II. 

vibrating  membranes  tmied  to  be  in  miison  with  the  combinational 
tones.  Such  membranes  are  set  in  sympathetic  vibration  immedi- 
ately upon  both  generating  tones  being  soimded  simultaneously, 
but  remain  at  rest  if  only  one  or  other  of  them  is  sounded.  Indeed, 
in  this  case  the  summational  tones  are  so  powerful  that  they  make 
all  chords  extremely  unpleasant  which  contain  Thirds  or  minor 
Sixths.  Instead  of  membranes  it  is  more  convenient  to  use  the 
resonators  abready  recommended  for  investigating  harmonic  upper 
partial  tones.  But  resonators  are  also  unable  to  reinforce  a  tone 
when  no  pendular  vibrations  actually  exist  in  the  air ;  they  have  no 
e£fect  on  a  tone  which  exists  only  in  auditory  sensation,  and  hence 
they  can  be  used  to  discover  whether  a  combinational  tone  is 
objectively  present.  They  are  much  more  sensitive  than  mem- 
branes, and  are  well  adapted  for  the  clear  recognition  of  very  weak 
objective  tones. 

The  conditions  in  the  harmonium  are  similar  to  «those  in  the 
siren.  Here  too,  there  is  a  common  wind  chest,  and  when  two 
keys  are  pressed  down,  we  have  two  openings  which  are  closed  and 
opened  rhythmically  by  the  tongues.  In  this  case  also  the  air  in 
the  common  receptacle  is  violently  agitated  by  both  tones,  and  air 
is  blown  through  each  opening  which  has  been  already  set  in  vibra- 
tion by  the  other  tongue.  Hence  in  this  instrument  also  the 
combinational  tones  are  objectively  present,  and  comparatively 
very  distinct,  but  they  are  far  from  being  as  powerful  as  on  the 
siren,  probably  because  the  wind  chest  is  very  much  larger  in  pro- 
portion to  the  openings,  and  hence  the  air  which  escapes  during 
the  short  opening  of  an  exit  by  the  oscillating  tongue  cannot  be 
sufficient  to  diminish  the  pressure  sensibly.  In  the  harmonium 
also  the  combinational  tones  are  very  clearly  reinforced  by  reso- 
nators tuned  to  be  in  imison  with  them,  especially  the  first  and 
second  di£ferential  and  the  first  summational  tone.  Nevertheless 
I  have  convinced  myself  by  particular  experiments,  that  even  in 
this  instrument  the  greater  part  of  the  force  of  the  combinational 
tone  is  generated  in  the  ear  itself.  I  arranged  the  portvents  in 
the  instrument  so  that  one  of  the  two  generators  was  supplied  with 
air  by  the  bellows  moved  below  by  the  foot,  and  the  second  gene- 
rator was  blown  by  the  reserve  bellows,  which  was  first  pumped 
ftill  and  then  cut  oflF  by  drawing  out  the  so-called  expression-stop, 
and  I  then  found  that  the  combinational  tones  were  not  much 
weaker  than  for  the  usual  arrangement.  But  the  objective  portion 
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which  the  resonators  reinforce  was  much  weaker.  The  noted 
examples  given  above  will  easily  enable  any  one  to  find  the  digitals 
which  must  be  pressed  down  in  order  to  produce  a  combinational 
tone  in  unison  with  a  given  resonator. 

On  the  other  hand,  when  the  places  in  which  the  two  tones  are 
struck  are  entirely  separate  and  have  no  mechanical  connection,  as, 
for  example,  if  they  come  firom  two  singers,  two  separate  wind 
instruments,  or  two  violins,  the  reinforcement  of  the  combinational 
tones  by  resonators  is  small  and  dubious.  Here  then  there  does 
not  exist  in  the  air  any  clearly  sensible  pendular  vibration  corre- 
sponding to  the  combinational  tone,  and  we  must  conclude  that 
such  tones,  which  are  often  powerfully  audible,  are  really  produced 
in  the  ear  itself.  But  analogously  to  the  former  cases  we  are 
justified  in  assuming  in  this  case  also  that  the  external  vibrating 
parts  of  the  ear,  the  drumskin  and  auditory  ossicles,  are  really 
set  in  a  sufficiently  powerful  combined  vibration  to  generate  com- 
binational tones,  so  that  the  vibrations  which  correspond  to 
combinational  tones  may  really  exist  objectively  in  the  parts  of 
the  ear  without  existing  objectively  in  the  external  air.  A  slight 
reinforcement  of  the  combinational  tone  in  this  case  by  the  proper 
unisonant  resonator  may,  therefore,  arise  from  the  dnunskin  of  the 
ear  communicating  to  the  air  in  the  resonator  those  particular 
vibrations  which  correspond  to  the  combinational  tone.^ 

Now  it  so  happens  that  in  the  construction  of  the  external 
parts  of  the  ear  for  conducting  sound,  there  are  certain  con- 
ditions which  are  peculiarly  favoiirable  for  the  generation  of 
combinational  tones.  First  we  have  the  unsymmetrical  form  of 
the  drumskin  itself.  Its  radial  fibres,  which  are  externally  con- 
vex, undergo  a  much  greater  alteration  of  tension  when  they 
make  an  oscillation  of  moderate  amplitude  towards  the  inside, 
than  when  the  oscillation  takes  place  towards  the  outside.  For 
this  purpose  it  is  only  necessary  that  the  amplitude  of  the 
oscillation  should  not  be  too  small  a  fraction  of  the  minute 
depth  of  the  arc  made  by  these  radial  fibres.  Under  these  cir- 
cumstances deviations  from  the  simple  superposition  of  vibrations 
arise  for  very  much  smaller  amplitudes  than  is  the  case  when  the 
vibrating  body  is  symmetrically  constructed  on  both  sides.' 

>  [See  latter  half  of  Appendix  XVl.—JVanaUUor.] 

'  See  my  paper  on  combinational  tones  already  cited,  and  Appendix  No.  XII. 
For  ansymmetrical  vibrating  bodies  the  disturbances  are  proportional  to  the  first 
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But  a  more  important  circumstance,  as  it  seems  to  me,  when 
the  resonance  is  powerful,  is  the  loose  formation  of  the  joint  between 
the  hanuner  and  anvil  (p.  197).  If  the  handle  of  the  hammer  is 
driven  inwards  by  the  dnunskin,  the  anvil  and  stirrup  must  follow 
the  motion  imconditionally.  But  that  is  not  the  case  for  the  sub- 
sequent outward  motion  of  the  handle  of  the  hammer,  during 
which  the  teeth  of  the  two  ossicles  need  not  catch  each  other. 
In  this  case  the  ossicles  may  click.  Now  I  seem  to  hear  this 
clicking  in  my  own  ear  whenever  a  very  strong  and  deep  tone  is 
brought  to  bear  upon  it,  even  when,  for  example,  it  is  produced  by 
a  tuning-fork  held  between  the  fingers,  in  which  there  is  certainly 
nothing  than  can  make  any  click  at  all. 

This  peculiar  feeling  of  mechanical  tingling  in  the  ear  had 
long  ago  struck  me  when  two  clear  and  powerful  soprano  voices 
executed  passages  in  Thirds,  in  which  case  the  combinational  tone 
comes  out  very  distinctly.  If  the  phases  of  the  two  tones  are  so 
related  that  after  every  fourth  oscillation  of  the  deeper  and 
every  fifth  of  the  higher  tone,  there  ensues  a  considerable  outward 
displacement  of  the  drumskin,  sufficient  to  cause  a  momentary 
loosening  in  the  joint  between  the  hammer  and  anvil,  a  series  of 
blows  will  be  generated  between  the  two  bones,  which  would  be 
absent  if  the  connection  were  firm  and  the  oscillation  regular,  and 
these  blows  taken  together  would  exactly  generate  the  first  differ- 
ential tone  of  the  interval  of  a  major  Third.  Similarly  for  other 
intervals. 

It  must  also  be  remarked  that  the  same  peculiarities  in  the 
construction  of  a  sonorous  body  which  makes  it  suitable  for 
allowing  combinational  Umes  to  be  heard  when  it  is  excited  by 
two  waves  of  different  pitch,  must  also  cause  a  single  simple  tone 
to  excite  vibrations  in  it,  which  correspond  to  its  harmonic  upper 
partials ;  the  effect  being  the  same  as  if  this  tone  then  formed 
summational  tones  with  itself. 

This  result  ensues  because  a  simple  periodical  force,  correspond- 
ing to  pendular  vibrations,  cannot  excite  similar  pendular  vibra- 
tions in  the  elastic  body  on  which  it  acts,  unless  the  elastic  forces 
called  into  action  by  the  displacements  of  the  excited  body  from 
its  position  of  equilibrium,  are  proportional  to  these  displacements 
themselves.   This  is  always  the  case  so  long  as  these  displacements 

power  of  the  amplitude,  whereas  for  symmetrical  ones  they  are  proportional  to  only 
the  Hocond  power  of  this  mngnitude,  which  is  very  small  in  both  castas. 
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are  infinitesimal-  But  if  the  amplitude  of  the  oscillations  is  great 
enough  to  cause  a  sensible  deviation  from  this  proportionality, 
then  the  vibrations  of  the  exciting  tone  are  increased  by  others 
which  correspond  to  its  harmonic  upper  partial  tones.  That  such 
harmonic  upper  partials  are  occasionally  heard  when  tuning-forks 
are  strongly  excited,  has  been  already  mentioned  (p.  88).* 

The  human  ear  must  of  course  act  in  the  same  way,  just 
because  it  so  easily  produces  combinational  tones,  and  this  is  the 
reason  why  any  powerful  simple  tone  is,  when  heard,  necessarily 
accompanied  by  (very  faint)  harmonic  upper  partial  tones. 

The  importance  of  combinational  tones  in  the  construction  of 
chords  will  appear  hereafter.  We  have,  however,  first  to  inves- 
tigate a  second  phenomenon  of  simultaneous  resonance,  the  so- 
called  beats. 

•  [Bj  striking  a  tuning-fork  strongly  and  holding  it  in  rapid  Bucceeeion  over 
roflonance  cylinders  toned  to  the  fundamental  note  and  its  Octave,  I  have  generally 
i«iicceeded  in  hearing  both  tones  quite  distinctly. — Translator.'] 
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CHAPTER  VIII. 

ON  THE  BEATS  OF  SIMPLE  TONES. 

Wb  now  pass  to  the  consideration  of  other  phenomena  accompany- 
ing the  simultaneous  resonance  of  two  simple  tones,  in  which,  as 
before,  the  motions  of  the  air  and  of  the  other  co-operating  elastic 
bodies  without  and  within  the  ear  may  be  conceived  as  an  un- 
disturbed coexistence  of  two  systems  of  vibrations  corresponding 
to  the  two  tones,  but  where  the  auditory  sensation  no  longer  corre- 
sponds to  the  sum  of  the  two  sensations  which  the  tones  would  excite 
singly.  Combinational  tones  and  beats,  which  have  now  to  be  con- 
sidered, are  essentially  distinguished  thus : — In  combinational  tones 
the  composition  of  vibrations  in  the  vibrating  bodies  which  are 
either  within  or  without  the  ear,  undergoes  certain  disturbances, 
although  the  ear  finally  resolves  the  motion  conducted  to  it,  into 
a  series  of  simple  tones,  according  to  the  usual  law.  In  beats,  on 
the  contrary,  the  objective  motions  of  the  elastic  bodies  follow  the 
simple  law ;  but  the  composition  of  the  sensations  is  disturbed. 
As  long  as  several  simple  tones  of  a  sufficiently  different  pitch 
enter  the  ear  together,  the  sensation  due  to  each  remains  undis- 
turbed in  the  ear,  probably  because  entirely  different  bundles  of 
nerve  fibres  are  affected.  But  tones  of  the  same,  or  of  nearly  the 
same  pitch,  which  therefore  affect  the  same  nerve  fibres,  do  not 
produce  a  sensation  which  is  the  sum  of  the  two  they  would  have 
separately  excited,  but  new  and  peculiar  phenomena  arise  which 
we  term  irvterference^  when  caused  by  two  perfectly  equal  simple 
tones,  and  heats  when  due  to  two  nearly  equal  simple  tones. 

We  will  begin  with  interference.  Suppose  that  a  point  in  the 
air  or  ear  is  set  in  motion  by  some  resonant  force,  and  that  its 
motion  is  represented  by  the  curve  1,  fig.  53  (p.  241).  Let  the 
second  motion  be  precisely  the  same  at  the  same  time,  and  be  re- 
presented by  the  curve  2,  so  that  the  crests  of  2  fall  on  those  of  1 , 
and  also  the  trough  of  2  on  the  trough  of  1.     If  both  motions 
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proceed  at  once,  the  whole  motion  will  be  their  Bum,  represented 
by  3,  a  curve  of  the  same  kind  but  with  crests  twice  as  high  and 
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troughs  twice  as  deep  as  those  of  either  of  the  others.  Since  the 
intensity  of  sound  is  proportional  to  the  square  of  the  amplitude, 
we  have  consequently  a  tone  not  of  twice  but  of  four  times  the 
loudness  of  either  of  the  others. 

But  now  suppose  the  vibrations  of  the  second  motion  to  be 
displaced  by  half  the  periodic  time.  The  curves  to  be  added 
will  stand  imder  one  another,  as  4  and  5  in  fig.  54,  and  when 
we  come  to  add  them,  the  heights  of  the  second  curve  will  be  still 
the  same  as  those  of  the  first,  but,  being  always  in  the  contrary 


direction,  will  mutually  destroy  each  other,  giving  as  their  sum 
the  straight  line  6,  or  no  vibration  at  all.  In  this  case  the  crests 
of  4  are  added  to  the  troughs  of  5,  and  conversely,  so  that  the 
crests  fill  up  the  troughs,  and  crests  and  troughs  mutually  annihi- 
late each  other.  The  intensity  of  sound  also  becomes  nothing, 
and  when  motions  are  thus  cancelled  within  the  ear,  sensation  also 
ceases ;  and  although  each  single  motion  acting  alone  would  excite 

B 
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the  corresponding  auditory  sensation,  when  both  act  together  there 
is  no  auditory  sensation  at  all.  One  sound  in  this  case  completely 
cancels  what  appears  to  be  an  equal  sound.  This  appears  extra- 
ordinarily paradoxical  to  ordinary  contemplation  because  our 
natuial  consciousness  apprehends  sound,  not  as  the  motion  of 
particles  of  the  air,  but  as  something  really  existing,  analogous  to 
the  sensation  of  sound,  and  as  the  sensation  of  a  simple  tone  of 
the  same  pitch  shews  no  oppositions  of  positive  and  negative,  it 
naturally  appears  impossible  for  one  positive  sensation  to  cancel 
another.  But  the  really  cancelling  things  in  such  a  case  are  the 
vibrational  impulses  which  the  two  sources  of  sound  exert  on  the 
ear.  When  it  so  happens  that  the  vibrational  impulses  due  to  one 
source  constantly  coincide  with  opposite  ones  due  to  the  otlier,  and 
exactly  counterbalance  each  other,  no  motion  can  possibly  ensue  in 
the  ear,  and  hence  the  auditory  nerve  can  experience  no  sensation. 

The  following  are  some  instances  of  sound  cancelling  sound. 

Put  two  perfectly  similar  stopped  organ  pipes  of  the  same 
pitch  close  beside  each  other  on  the  same  portvent.  Each  one 
blown  separately  gives  a  powerful  tone  ;  but  when  they  are  blown 
together,  the  motion  of  the  air  in  the  two  pipes  takes  place  in 
such  a  manner  that  as  the  air  streams  out  of  one  it  streams  into 
the  other,  and  hence  an  observer  at  a  distance  hears  no  tone,  but 
at  most  the  rushing  of  the  air.  On  bringing  the  fibre  of  a  feather 
near  to  the  lips  of  the  pipes,  this  fibre  will  vibrate  in  the  same 
way  as  if  each  pipe  were  blown  separately.  Also  if  a  tube  be 
stretched  from  the  ear  to  the  mouth  of  one  of  the  pipes,  the  tone 
of  that  pipe  is  heard  so  much  more  powerfully  that  it  cannot  be 
entirely  destroyed  by  the  tone  of  the  other. 

Every  tuning-fork  also  exhibits  phenomena  of  interference, 
because  the  prongs  move  in  opposite  directions.  On  striking  a 
tuning-fork  and  slowly  revolving  it  about  its  longitudinal  axis 
close  to  tlie  ear,  it  will  be  found  that  there  are  four  positions  in 
which  the  tone  is  heard  clearly ;  and  four  intermediate  positions 
in  which  it  is  inaudible.  The  four  positions  of  strong  sound  are 
those  in  which  either  one  of  the  prongs,  or  one  of  the  side  surfaces 
of  the  fork  is  turned  towards  the  ear.  The  positions  of  no  sound 
lie  between  the  former,  almost  in  planes  which  make  an  angle  of 
45**  with  the  surfaces  of  the  prongs,  and  pass  through  the  axis  of 
the  fork.  If  in  fig.  55,  p.  243,  a  and  b  are  the  ends  of  the  fork 
seen  from  above,  c,  d,  e,  f  will  be  the  four  places  of  strong  sound. 
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and  the  dotted  lines  the  four  places  of  silence.     The  arrows  under 

a  and  b  shew  the  mutual  motion  of 
Fio.  55.  the  two  prongs.     Hence  while  the 

/  prong  a  gives  the  air  about  c  an 

impulse  in  the  direction  c  a,  the 

prong  b  gives  it  an  opposite  one. 

*         /  Both  impulses  only  partially  cancel 

one  another  at  c,  because  a  acts 
e  more  powerfully  than  b.     But  the 

dotted  lines  shew  the  places  where 
the  opposite  impulses  from  a  and 
b  are  equally  strong,  and  conse- 
^*\  quently  completely  cancel  each 
\  other.  If  the  ear  be  brought  into 
one  of  these  places  of  silence  and  a 
narrow  tube  be  slipped  over  one  of  the  prongs  a  or  b,  taking  care 
not  to  touch  it,  the  sound  will  be  immediately  augmented,  because 
the  influence  of  the  covered  prong  is  almost  entirely  destroyed, 
and  the  imcovered  prong  therefore  acts  singly  and  undisturbed.^ 

A  double  siren  which  I  have  had  constructed  is  very  convenient 
for  the  demonstration  of  these  relations.*  Fig.  56  (p.  245)  is  a 
perspective  view  of  this  instrument.  It  is  composed  of  two 
of  Dove's  polyphonic  sirens,  of  the  kind  previously  mentioned, 
p.  20;  a^j  and  aj  are  the  two  wind-chests,  c^^  and  c^  the  discs 
attached  to  a  common  axis,  on  which  a  screw  is  introduced  at  k, 
to  drive  a  counting  apparatus  which  can  be  introduced,  as  described 
on  p.  20.  The  upper  box  aj  can  be  turned  round  its  axis,  by 
means  of  a  toothed  wheel,  in  which  works  a  smaller  wheel  e  pro- 
vided with  the  driving  handle  d.  The  axis  of  the  box  ai  round 
which  it  turns,  is  a  prolongation  of  the  upper  pipe  gp  which  con- 
ducts the  wind.  On  each  of  the  two  discs  of  the  siren  are  four 
rows  of  holes,  which  can  be  either  blown  separately  or  together  in 
any  combination  at*pleasure,  and  at  i  are  the  studs  for  opening 
and  closing  the  series  of  holes  by  a  peculiar  arrangement.'  The 
lower  disc  has  four  rows  of  8,  10,  12,  18  holes,  the  upper  of  9,  12, 

>  [If  instead  of  bringing  the  tuning-fork  to  the  ear,  it  be  slowly  turned  before  a 
proper  resonance  chamber,  the  alternation  of  sound  and  silence,  &c,  can  be  made 
audible  to  many  persons  at  once. — Tran8LatoT.'\ 

'  Constructed  by  the  mechanician  Sauerwald  in  Berlin. 

*  Described  in  Appendix  No.  XIII. 

B  2 
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15,  16.  Hence  if  we  call  the  tone  of  8  holes  c,  the  lower  disc 
gives  the  tones  c,  e,  gr,  d!  and  the  upper  d,  ^r,  6,  (/.  We  are  there- 
fore able  to  produce  the  following  intervals. 

1.  Unison :  gg  on  the  two  discs  simultaneously. 

2.  Octaves  :  cd  and  ddl  on  the  two. 

3.  Fifths:  eg  and  gd!  either  on  the  lower  disc  alone  or  on 
both  discs  together. 

4.  Fourths :  dg  and  gd  on  the  upper  disc  alone  or  on  both 
together. 

5.  Major  Third:  ce  on  the  lower  alone,  and  gh  on  the  upper 
alone,  or  ^r  6  on  both  together. 

6.  Minor  Third  :  eg  on  the  lower,  or  on  both  together  ;  6rf'  on 
both  together. 

7.  Whole  Tone  (great  Tone) :  cd  and  dd'  on  both  together. 

8.  Semitone  (greater  Semitone)  \  hd  on  the  upper. 

When  both  tones  are  produced  from  the  same  disc  the  objec- 
tive combinational  tones  are  very  powerful  as  has  been  already 
remarked,  p.  236,  But  if  the  tones  are  produced  from  diflferent 
discs,  the  combinational  tones  are  weak.  In  the  latter  case,  (and 
this  is  the  chief  point  of  interest  to  us  at  present)  the  two  tones 
can  be  made  to  act  together  with  any  desired  diflference  of  phase. 
This  is  eflFected  by  altering  the  position  of  the  upper  box. 

We  have  first  to  investigate  the  phenomena  as  they  occur  in 
the  unison  gg.  The  effect  of  the  interference  of  the  two  tones 
in  this  case  is  complicated  by  the  fact  that  the  siren  produces 
compound  and  not  simple  tones  and  that  the  interference  of  indi- 
vidual partial  tones  is  independent  of  that  of  the  prime  tone  and 
of  one  another.  In  order  to  damp  the  upper  partial  tones  in  the 
siren  by  means  of  a  resonance  chamber,  I  caused  cylindrical  boxes  of 
brass  to  be  made,  of  which  the  back  halves  are  shewn  at  h^  hj  and 
hjj  hQ  fig.  56,  p.  245.  These  boxes  are  each  made  in  two  sections, 
80  that  they  can  be  removed,  and  be  again  attached  to  the  wind- 
chest  by  means  of  screws.  When  the  tone  of  Xhe  siren  approaches 
the  prime  tone  of  these  boxes,  its  quality  becomes  full,  strong  and 
soft,  like  a  fine  tone  on  the  French  horn  ;  otherwise  the  siren  has 
rather  a  piercing  tone.  At  the  same  time  we  use  a  small  quantity 
of  air,  but  considerable  pressure.  The  circumstances  are  of  the 
same  nature  as  when  a  tongue  is  applied  to  a  resonance  chamber 
of  the  same  pitch.  Used  in  this  way  the  siren  is  very  well  adapted 
for  experiments  on  interference. 

If  the  boxes  are  so  placed  that  the  puffs  of  air  follow  at 
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exactly  equal  intervals  from  both  discs,  similar  phases  of  the  prime 
tone  and  of  all  partials  coincide,  and  all  are  reinforced. 

If  the  handle  is  turned  round  half  a  right  angle,  the  upper 
box  is  turned  round  ^  of  a  right  angle,  or  ^  of  the  circumference, 
that  is  half  the  distance  between  the  holes  in  the  series  of  12  holes 
which  is  in  action  for  g.  Hence  the  diflFerence  in  the  phase  of  the 
two  primes  is  half  the  periodic  time,  the  puffs  of  air  in  one  box 
occur  exactly  in  the  middle  between  those  of  the  other,  and  the 
two  prime  tones  mutually  destroy  each  other.  But  under  these 
circumstances  the  difference  of  phase  in  the  upper  Octave  is  pre- 
cisely the  whole  of  their  periodic  time ;  that  is,  they  reinforce  each 
other,  and  similarly  all  the  even  harmonic  upper  partials  reinforce 
each  other  in  the  same  position,  and  the  uneven  ones  destroy  each 
other.  Hence  in  the  new  position  the  tone  is  weaker,  because 
deprived  of  several  of  its  partials ;  but  it  does  not  entirely  cease ; 
it  rather  jumps  up  an  Octave.  If  we  turn  the  handle  through  half 
a  right  angle  so  that  the  box  is  turned  through  a  whole  right  angle, 
the  puffs  of  the  two  discs  again  agree  completely,  and  the  tones 
reinforce  one  another.  Hence  in  a  complete  revolution  of  the 
handle  there  are  four  positions  where  the  whole  tone  of  the  siren 
appears  reinforced,  and  four  intermediate  positions  where  the 
prime  tone  and  all  uneven  upper  partials  vanish,  and  consequently 
the  Octave  occurs  in  a  weaker  form  accompanied  by  the  even  upper 
partial  tones.  If  we  attend  to  the  first  upper  partial,  which  is  the 
Octave  of  the  prime,  by  listening  to  it  through  a  proper  resonator, 
we  find  that  it  vanishes  after  turning  through  a  quarter  of  a  right 
angle,  and  is  reinforced  after  tinming  through  half  a  right  angle, 
and  h^nce  for  every  complete  revolution  of  the  handle  it  vanishes 
8  times,  and  is  reinforced  8  times.  The  third  partial,  (or  second 
upper  partial,)  the  Twelfth  of  the  prime  tone,  vanishes  in  the  same 
time  12  times,  the  fourth  partial  16  times  and  so  on. 

Other  compound  tones  behave  like  those  of  the  siren.  When 
two  tones  of  the  same  pitch  are  sounded  together  having  differences 
of  phase  corresponding  to  half  the  periodic  time,  the  tone  does  not 
vanish,  but  jumps  up  an  Octave.  When  for  example  two  open 
organ  pipes,  or  two  reed  pipes  of  the  same  construction  and  pitch, 
are  placed  beside  each  other  on  the  same  portvent,  their  vibra- 
tions generally  accommodate  themselves  in  such  a  manner  that  the 
stream  of  air  enters  first  one  and  then  the  other  alternately ;  and 
while  the  tone  of  stopped  pipes,  which  have  only  uneven  partials, 
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is  then  almost  entirely  destroyed,  the  tone  of  the  open  pipes  and 
reed  pipes  falls  into  the  upper  Octave.  This  is  the  reason  why  no 
reinforcement  of  tone  can  be  eflfected  on  an  organ  or  harmonium 
by  combining  tongues  or  pipes  of  the  same  kind. 

So  far  we  have  combined  tones  of  precisely  the  same  pitch, 
now  let  us  inquire  what  happens  when  the  tones  have  slightly 
different  pitch.  The  double  siren  just  described  is  also  well  fitted 
for  explaining  this  case,  for  we  can  slightly  alter  the  pitch  of  the 
upper  tone  by  slowly  revolving  the  upper  box  by  means  of  the 
handle,  the  tone  becoming  flatter  when  the  direction  of  revolution 
is  the  same  as  that  of  the  disc,  and  sharper  when  it  is  opposite  to 
the  same.  The  periodic  time  of  a  tone  of  the  siren  is  equal  to  the 
time  required  for  a  hole  in  the  rotating  disc  to  pass  from  one  hole 
in  the  windbox  to  the  next.  If  the  hole  of  the  box  advances  to 
meet  the  hole  of  the  disc  through  the  rotation  of  the  box,  the  two 
holes  come  into  coincidence  sooner  than  if  the  box  were  at  rest ; 
and  hence  the  periodic  time  is  shorter,  and  the  tone  sharper.  The 
converse  takes  place  when  the  revolution  is  in  the  opposite  direc- 
tion. These  alterations  of  pitch  are  easily  heard  when  the  box  is 
revolved  rather  quickly.  Now  produce  the  tones  of  twelve  holes 
on  both  discs.  These  will  be  in  absolute  unison  as  long  as  the 
upper  box  is  at  rest.  The  two  tones  constantly  reinforce  or  en- 
feeble each  other  according  to  the  position  of  the  upper  box.  But 
on  setting  the  upper  box  in  motion,  the  pitch  of  the  upper  tone  is 
altered,  while  that  of  the  lower  tone,  which  has  an  immovable 
windbox,  is  unchanged.  Hence  we  have  now  two  tones  of  slightly 
different  pitch  sounding  together.  And  we  hear  the  so-called  heats 
of  the  tones,  thai  is,  the  intensity  of  the  tone  will  be  alternately 
greater  and  less  in  regular  succession.  The  arrangement  of  our 
siren  makes  the  reason  of  this  readily  intelligible.  The  revolution 
of  the  upper  box  brings  it  alternately  in  positions  which  as  we 
have  seen  correspond  to  stronger  and  weaker  tones.  When  the 
haodle  has  been  turned  through  a  right  angle,  the  windbox  passes 
from  a  position  of  loudness  through  a  position  of  weakness  to  a 
position  of  strength  again.  Consequently  every  complete  revolu- 
tion of  the  handle  gives  us  four  beats,  whatever  be  the  rate  of 
revolution  of  the  discs,  and  hence  however  low  or  high  the  lone 
may  be.  If  we  stop  the  box  at  the  moment  of  maximum  loudness, 
we  continue  to  hear  the  loud  tone  ;  if  at  a  moment  of  minimum 
force,  we  continue  to  hear  the  weak  tone. 
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The  mechanism  of  the  instrument  also  explains  the  connection 
between  the  number  of  beats  and  the  difference  of  the  pitch.  It 
is  easily  seen  that  the  number  of  the  puffs  is  increased  by  one  for 
every  quarter  revolution  of  the  handle.  But  every  such  quarter 
revolution  corresponds  to  one  beat.  Hence  the  number  of  becUa 
in  a  given  time  is  equal  to  the  difference  of  thenurnbers  ofvibror- 
tions  executed  by  the  two  tones  in  the  same  tim£.  This  is  the 
general  law  which  determines  the  number  of  beats,  for  all  kinds  of 
tones.  This  law  results  immediately  from  the  construction  of  the 
siren ;  in  other  instruments  it  can  only  be  verified  by  very  accurate 
and  laborious  measurements  of  the  numbers  of  vibrations. 

The  process  is  shewn  graphically  in  fig.  57.  Here  cc  repre- 
sents the  series  of  puffs  belonging  to  one  tone,  and  dd  those 
belonging  to  the  other.  The  distance  for  cc  is  divided  into  18 
parts,  the  same  distance  is  divided  into  20  parts  for  dd.     At 

Fio.  67. 

c^  2  3  ^        .     .    Sc 

J     ■'     i'    i'  i'  .  'i   'i    ',    '.     I     ■'    ■'    1^'  1^    'i    ^     1^ 

1,  3,  5,  both  puffs  concur,  and  the  tone  is  reinforced.  At  2  and  4 
they  are  intermediate  and  mutually  enfeeble  each  other.  The 
number  of  beats  for  the  whole  distance  is  2,  because  the  difference 
of  the  numbers  of  parts,  each  of  which  correspond  to  a  vibration, 
is  also  2. 

The  intensity  of  tone  varies ;  swelling  from  a  minimum  to  a 
maximum,  and  lessening  from  the  maximimi  to  the  minimum.  It 
is  the  places  of  maximum  intensity  which  are  properly  called  becUsj 
and  these  are  separated  by  more  or  less  distinct  pauses.* 

Beats  are  easily  produced  on  all  musical  instruments,  by 
striking  two  notes  of  nearly  the  same  pitch.  They  are  heard  best 
from  the  simple  tones  of  tuning-forks  or  stopped  organ  pipes, 
because  here  the  tone  really  vanishes  in  the  pauses.  A  little 
fluctuation  in  the  pitch  of  the  beating  tone  may  then  be  re- 
marked.^     For  the  compound  tones  of   other    instrimients  the 

>  [In  German,  Schwtbun^en^  literallj  librations,  as  in  a  balance  set  in  oscillation, 
represents  the  whole  phenomenon ;  and  ScMage,  blows,  the  maxima.  In  English  we 
are  accustomed  to  speak  of  heats  only. — Translator.'] 

'  See  the  explanation  of  this  phenomenon  which  was  given  me  bj  M.  G.  Gu6roult, 
in  Appendix  No.  XIV. 
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upper  partial  tones  are  heard  in  the  pauses,  and  hence  the  tone 
jumps  up  an  Octave,  as  in  the  case  of  interference  ab-eady 
described.  If  we  have  two  tuning-forks  of  exactly  the  same 
pitch,  it  is  only  necessary  to  stick  a  bttle  wax  on  to  the  end  of 
one,  to  strike  both,  and  bring  them  near  the  same  ear  or  to  the 
surface  of  a  table,  or  sounding-board.  To  make  two  stopped  pipes 
beat,  it  is  only  necessary  to  bring  a  finger  slowly  near  to  the  lip  of 
one,  and  thus  flatten  it.  The  beats  of  compound  tones  are  heard 
by  striking  any  note  on  a  pianoforte  out  of  tune  when  the  two 
strings  belonging  to  the  same  note  are  no  longer  in  unison ;  or  if 
the  piano  is  in  time  it  is  sufficient  to  attach  a  piece  of  wax,  about 
the  size  of  a  pea  to  one  of  the  strings.  This  puts  them  sufficiently 
out  of  tune.  More  attention  however  is  required  for  compound 
tones  because  the  enfeeblement  of  the  tone  is  not  so  striking.  The 
beat  in  this  case  resembles  a  fluctuation  in  pitch  and  quality. 
This  is  very  striking  on  the  siren  according  as  the  brass  resonance 
cylinders  (h^  h^  and  hi  h^  of  fig.  56,  p.  245),  are  attached  or  not. 
These  make  the  prime  tone  relatively  strong.  Hence  when  beats 
are  produced  by  turning  a  handle,  the  decrease  and  increase  of 
loudness  in  the  tone  is  very  striking.  On  removing  the  resonance 
cylinders,  the  upper  partial  tones  are  relatively  very  strong,  and 
since  the  ear  is  very  uncertain  when  comparing  the  loudness  of 
tones  of  different  pitch,  the  alteration  of  force  during  the  beats  is 
much  less  striking  than  that  of  pitch  and  quality  of  tone. 

On  listening  to  the  upper  partials  of  compound  tones  which 
beat,  it  will  be  found  that  these  beat  also,  and  that  for  each  beat 
of  the  prime  tone  there  are  two  of  the  second  partial,  three  of  the 
third,  and  so  on.  Hence  when  the  upper  partials  are  strong,  it  is 
easy  to  make  a  mistake  in  counting  the  beats,  especially  when  the 
beats  of  the  primes  are  very  slow,  so  that  they  occur  at  intervals 
of  a  second  or  two.  It  is  then  necessary  to  pay  great  attention 
to  the  pitch  of  the  beats  coimted,  and  sometimes  to  apply  a 
resonator. 

It  is  possible  to  render  beats  visible  by  setting  a  suitable  elastic 
body  into  sympathetic  vibration  with  them.  Beats  can  then  occur 
only  when  the  two  exciting  tones  lie  near  enough  to  the  prime 
tone  of  the  sympathetic  body  for  the  latter  to  be  set  into  sensible 
sympathetic  vibration  by  both  the  tones  used.  This  is  most  easily 
done  with  a  thin  string  which  is  stretched  on  a  sounding-board  on 
which  have  been  placed  two  tuning-forks,  both  of  very  nearly  the 
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same  pitch  as  the  string.  On  observing  the  vibrations  of  the 
string  through  a  microscope,  or  attaching  a  fibril  of  a  goosefeather 
to  the  string  which  will  make  the  same  excursions  on  a  magnified 
scale,  the  string  will  be  clearly  seen  to  make  sympathetic  vibra- 
tions with  alternately  large  and  small  excursions,  according  as  the 
tone  of  the  fork  is  at  its  maximum  or  minimum. 

The  same  effect  can  be  obtained  from  the  sympathetic  vibra- 
tion of  a  stretched  membrane.     Fig.  58  is  the  copy  of  a  drawing 

Fio.  68. 


made  by  a  vibrating  membrane  of  this  sort,  used  in  the  phonau- 
tograph  of  Messrs.  Scott  &  Konig,  of  Paris.  The  membrane 
of  this  instrument,  which  resembles  the  drumskin  of  the  ear, 
carries  a  small  stiff  style,  which  draws  the  vibrations  of  the  mem- 
brane upon  a  rotating  cylinder.  In  the  present  case  the  membrane 
was  set  in  motion  by  two  organ  pipes,  that  beat.  The  undulating 
line,  of  which  only  a  part  is  here  given,  shews  that  times  of  strong 
vibration  have  alternated  with  times  of  almost  entire  rest.  In 
this  case  then  the  beats  are  also  sympathetically  executed  by  the 
membrane.  Similar  drawings  again  have  been  made  by  Dr. 
Politzer,  who  attached  the  writing  style  to  the  auditory  bone  (the 
columella)  of  a  duck,  and  then  produced  a  beating  tone  by  means 
of  two  organ  pipes.  This  experiment  shewed  that  even  the 
auditory  bones  follow  the  beats  of  two  tones.* 

Generally  this  must  always  be  the  case  when  the  pit<;hes  of  the 
two  tones  struck  differ  so  little  from  each  other  and  from  that  of 
the  proper  tone  of  the  sympathetic  body,  that  the  latter  can  be  put 
into  sensible  vibration  by  both  tones  at  once.  Sympathetic  bodies 
which  do  not  damp  readily,  such  as  tuning-forks,  consequently  re- 
quire two  exciting  tones  which  differ  extraordinarily  little  in  pitch, 

*  The  boats  of  two  tones  are  also  clearly  shewn  by  the  vibrating  flame  described 
at  the  end  of  Appendix  No.  II.  The  flame  must  bo  connected  with  a  resonator 
having  a  pitch  suflRciently  near  to  those  of  the  two  genemting  tones.  Evei\  without 
using  the  rotating  mirror  for  observing  the  flames,  we  can  easily  recognise  the  alter.i- 
tions  in  the  shape  of  the  flame  which  take  place  isoclironously  with  the  audible 
beats. 
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IB  Older  to  shew  rkible  be«U,  and  the  beats  must  the 
tknr.  F^M*  bodies  readilT  damped,  as  monbiaiie:^  sti 
difference  of  the  excitiiig  tones  may  be  greater,  and 
the  beats  may  succeed  eadi  other  more  lapidlj. 

This  holds  also  for  the  elastic    terminal  forms 
aoditorr  nerve  fibres.     Just  as  we  have  seen  that 
risible  beats  of  the  auditory  bones,  Corti's  arches 
made  to  beat  by  two  tones  sufficiently  near  in  pi 
same  Cortfs  arches  in  sympathetic  vibration  at  th 
K  then,  as  we  have  previously  supposed,  the  intei 
tory  sensation  in  the  proper  nerve  fibres  increases 
with  the  intensity  of  the  elastic  vibrations,  the  st 
sensation  must  also  increase  and  diminish  in  the 
as  the  vibrations  of  the  corresponding  elastic  appe 
nerves.     In  this  case  also  the  motion  of  Corti^s  arc 
be  considered  as  compounded  of  the  motions  which 
would  have  produced  if  they  had  acted  separately, 
these  motions  are  directed  in  the  same  or  in  oppos 
they  will  reinforce  or  enfeeble  each  other  by  (algebra: 
It  is  not  till  these  motions  excite  sensation  in  the  n 
deviation  from  this  law  occurs,  whereby  each  of  the 
each  of  the  two  sensations  of  tones  subsist  side  b' 
disturbance. 

We  now  come  to  a  part  of  the  investigation  \ 
important  for  the  theory  of  musical  consonance,  and 
fortunately  been  little  regarded  by  acousticians.  Tl 
what  becomes  of  the  beats  when  they  grow  &ster  ar 
to  what  extent  may  their  niunber  increase  without  1 
unable  to  perceive  them  ?  Most  acousticians  were  pro 
to  agree  with  the  hypothesis  of  Thomas  Young,  t 
beats  became  very  quick  they  gradually  passed  over 
national  tone  (the  first  differential).  Young  imag 
pulses  of  tone  which  ensue  during  beats,  might  h 
effect  on  the  ear  as  elementary  pulses  of  air  (in 
example),  and  that  just  as  30  puffs  in  a  second  thi 
would  produce  the  sensation  of  a  deep  tone,  so  wou 
a  second  resulting  from  any  two  higher  tones  prod 
sensation  of  a  deep  tone.  Certainly  this  view  is  v 
by  the  fact  that  the  vibrational  nimiber  of  the  first 
combinational  tone  is  actually  the  number  of  beats 
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the  two  tones  in  a  second.  It  is  however  of  much  importance  to 
remember  that  there  are  other  combinational  tones  (my  sunmia- 
tional  tones),  which  will  not  agree  with  this  hypothesis  in  any 
respect,  but  on  the  other  hand  are  readily  deduced  firom  the 
theory  of  combinational  tones  which  I  have  proposed  (in  Appen- 
dix XII.).  It  is  moreover  an  objection  to  Young^s  theory,  that 
in  many  cases  the  combinational  tones  exist  externally  to  the  ear, 
and  are  able  to  set  properly  tuned  membranes  or  resonators  into 
sympathetic  vibration,  because  this  could  not  possibly  be  the  case, 
if  the  combinational  tones  were  nothing  but  the  series  of  beats 
with  undisturbed  superposition  of  the  two  waves.  For  the 
mechanical  theory  of  sympathetic  vibration  shews  that  a  motion 
of  the  air  compounded  of  two  simple  vibrations  of  diflFerent 
periodic  times,  are  capable  of  putting  such  bodies  only  into 
s}mpathetic  vibration  as  have  a  proper  tone  corresponding  to  one 
of  the  two  given  tones,  provided  no  conditions  intervene  by  which 
the  simple  superposition  of  two  wave  systems  might  be  disturbed ; 
and  the  nature  of  such  a  disturbance  was  investigated  in  the  last 
chapter.  Hence  we  may  consider  combinational  tones  as  an  ac- 
cessory phenomenon,  by  which,  however,  the  course  of  the  two 
primary  wave  systems  and  of  their  beats  is  not  essentially  inter- 
rupted. 

Against  the  old  opinion  we  may  also  adduce  the  testimony  of 
oui*  senses,  which  teaches  us  that  a  much  greater  number  of  beats 
than  30  in  a  second  can  be  distinctly  heard.  To  obtain  this  result 
we  must  pass  gradually  from  the  slower  to  the  more  rapid  beats, 
taking  care  that  the  tones  chosen  for  beating  are  not  too  far  apart 
from  each  other  in  the  scale,  because  audible  beats  are  not  pro- 
duced unless  the  tones  are  so  near  to  each  other  in  the  scale  that 
they  can  both  make  the  same  elastic  appendages  of  the  nerves 
vibrate  sympathetically.  The  number  of  beats,  however,  can  be 
increased  without  increasing  the  interval  between  the  tones,  if 
both  tones  are  taken  in  the  higher  octaves.  The  observations  are 
best  begun  by  producing  two  simple  tones  of  the  same  pitch,  say 
from  the  once  accented  octave  by  means  of  tuning-forks  or  stopped 
organ  pipes,  and  slowly  altering  the  pitch  of  one.  This  is  eflFected 
by  sticking  more  and  more  wax  on  one  of  the  forks ;  or  more  and 
more  covering  the  mouth  of  one  of  the  pipes.  Stopped  organ 
pipes  are  also  generally  produced  with  a  movable  plug  or  lid  at 


Chap.  VIII.      UMT  OF  RAPIDITY  OF  AUDIBLE  BEATS.  253 

the  stopped  end,  in  order  to  tune  them ;  by  pulling  this  out  we 
deepen,  by  pushing  it  in  we  heighten  the  tone.* 

When  a  slight  difference  in  pitch  has  been  thus  produced,  the 
beats  are  heard  at  first  as  long  drawn  out  fluctuations  alternately 
swelling  and  vanishing.  Slow  beats  of  this  kind  are  by  no  means 
disagreeable  to  the  ear.  In  executing  music  containing  long  sus- 
tained chords,  they  may  even  produce  a  solemn  effect,  or  else  give 
a  more  lively,  tremulous  or  agitating  expression.  Hence  we  find 
in  modem  organs  and  harmoniums,  a  stop  with  two  pipes  or 
tongues,  adjusted  to  beat.  This  imitates  the  trembling  of  the 
human  voice  and  of  violins  which,  appropriately  introduced  in 
isolated  passages,  may  certainly  be  very  expressive  and  effective, 
but  applied  continuously,  as  is  imfortunately  too  common,  is  a 
detestable  malpractice. 

The  ear  easily  follows  slow  beats  of  not  more  than  4  to  6  in 
a  second.  The  hearer  has  time  to  apprehend  all  their  separate 
phases,  and  become  conscious  of  each  separately,  he  can  even 
count  them  without  difficulty.*  But  when  the  interval  between 
the  two  tones  increases  to  about  a  Semitone,  the  number  of  beats 
becomes  20  or  30  in  a  second,  and  the  ear  is  consequently  unable  to 
apprehend  them  singly,  and  therefore  to  count  them.     If,  however, 

'  [A  cheap  apparatus,  useful  for  demonstration  of  the  following  facts,  was  con- 
structed for  me  by  Alex.  Liddle,  musical  instrument  maker,  of  35  Devonshire  Street, 
Queen  Square.  He  sells  'pitch  pipes'  consisting  of  an  extensible  stopped  pipe, 
which  has  the  compass  of  the  once  accented  Octave  and  is  blown  as  a  whistle.  I  had 
two  of  these  connected  with  a  single  mouth-piece.  By  carefully  adjusting  the  lengths 
of  the  pipes,  I  was  first  able  to  produce  complete  destruction  of  the  tone  by  inter- 
ference, the  sound  returning  immediately  when  the  mouth  of  one  whistle  was  stopped 
by  the  finger.  Then  gradually  lengthening  one  of  the  pipes  the  beats  began  slowly, 
and  increased  in  rapidity.  The  tone  being  nearly  simple  they  are  well  heard.  But 
good  combinational  tones  are  not  thua'  produced.  The  flagoolct  fifes  for  the  demon- 
stration of  those  tones  mentioned  in  a  former  note,  p.  231,  were  obtained  of  the  same 
maker. — Translator.'] 

'  [Scheibler,  who  carried  out  the  system  of  tuning  by  beats  most  suocessfnlly, 
eonmders  4  beats  in  a  second  the  easiest  to  count  correctly.  His  final  plan  was  U) 
tone  a  set  of  12  tuning-forks  having  their  vibrational  numbers  less  by  4  than  the 
pitches  of  the  notes  required  for  the  organ ;  then  to  tune  the  pipe  approximatively  to 
the  fork  by  ear,  and  finally  sharpen  the  pipe  till  it  beat  exactly  4  times  in  a  second 
with  the  fork.  See  H.  Scheibler's  '  Tracts  on  musical  and  physical  measurement  oi 
pitch  and  its  application  to  the  tuning  of  Pianofortes  and  Organs '  {8ekr\fUn  Uher 
^ntitttiitc^r  und  phytikalitehe  Tomme$tung  und  deren  Anwendung  aitf  TianoffurU'  und 
Orgetstirnmumg^  (>efeld,  1838),  a  series  of  little  tracts  bound  together,  awl  contain' 
ing  tha  most  practical  and  correct  methods  for  tuning  organs  yet  published,  but 
disfigured  by  all  manner  of  awkwardness  in  their  presentment — JVaiuiaU>r.] 
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we  begin  with  hearing  slow  beats,  and  then  increase  their  rapidity 
more  and  more,  we  cannot  fail  to  recognise  that  the  sensational 
impression  on  the  ear  preserves  precisely  the  same  character, 
although  of  course  when  20  or  30  beats  take  place  in  a  second,  we 
have  no  longer  time  to  notice  each  beat  as  it  passes,  fix  it  in  our 
consciousness  and  count  it. 

But  while  the  hearer  in  this  case  is  quite  capable  of  distin- 
guishing that  his  ear  now  hears  30  beats  of  the  same  kind  as  the 
4  or  6  in  a  second  which  he  heard  before,  the  effect  of  the  collec- 
tive impression  of  such  a  rapid  beat  is  quite  different.  In  the 
first  place  the  mass  of  tone  becomes  confused,  which  I  principally 
refer  to  the  psychological  impressions.  We  actually  hear  a 
series  of  pulses  of  tone,  and  are  able  to  recognise  it  as  such, 
although  no  longer  capable  of  following  each  singly,  or  separating 
one  from  the  other.  But  besides  this  psychological  consideration, 
the  sensible  impression  is  also  unpleasant.  Such  rapidly  beating 
tones  are  jarring  and  rough.  The  distinctive  property  of  jarring, 
is  the  intermittent  character  of  the  soimd.  We  think  of  the  letter* 
B  as  a  characteristic  example  of  a  jarring  tone.  It  is  well  known 
to  be  produced  by  interposing  the  uvula,  or  else  the  thin  tip  of 
the  tongue  in  the  way  of  the  stream  of  air  passing  out  of  the 
mouth,  in  such  a  manner  as  only  to  allow  the  air  to  force  its  way 
through  in  separate  pulses,  the  consequence  being  that  the  voice 
at  one  time  sounds  freely,  and  at  another  is  cut  off.^ 

Intermittent  tones  were  also  produced  on  the  double  siren  just 
described  by  using  a  little  reed  pipe  instead  of  the  wind-conduit 
of  the  upper  box,  and  driving  the  air  through  this  reed  pipe.  The 
tone  of  this  pipe  can  be  heard  externally  only  when  the  revolution 
of  the  disc  brings  its  holes  before  the  holes  of  the  box  and  open 
an  exit  for  the  air.  Hence,  if  we  let  the  disc  revolve  while  air  is 
driven  through  the  pipe,  we  obtain  an  intermittent  tone,  which 
sounds  exactly  like  beats  arising  from  two  tones  soimded  at  once, 
although  the  intermittence  is  produced  by  purely  mechanical 
means.  Such  effects  may  also  be  produced  in  another  way  on  the 
siren.     Remove  the  lower  wind-box  and  retain  only  its  pierced 

^  [Phonautographic  figures  of  the  effect  of  r,  resemble  those  of  fig.  5S,  p.  250. 
Six  yarieties  of  these  figures  are  given  on  p.  19  of  Donders^s  important  little  tract,  on 
*  The  physiology  of  Speech  sounds,  and  especially  of  those  in  the  Dutch  Language ' 
(De  Physiologie  der  Spraakklanktrn,  in  het  hyeonder  van  die  der  nedcrlandsche  tool, 
Utrecht  1870,  pp.  2i. —Ihrnsiator.] 
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cover,  over  which  the  disc  revolves.  At  the  under  part  applj  one 
extremity  of  an  india-rubber  tube  against  one  of  the  holes  in  the 
cover,  the  other  end  being  conducted  by  a  proper  ear-piece  to  the 
observer's  ear.  The  revolving  disc  alternately  opens  and  closes 
the  hole  to  which  the  india-rubber  tube  has  been  applied.  Hold 
a  tuning-fork  in  action  or  some  other  suitable  musical  instrument 
above  and  near  the  rotating  disc.  Its  tone  will  be  heard  inter- 
mittently and  the  number  of  intermissions  can  be  regulated  by 
altering  the  velocity  of  the  rotation  of  the  disc. 

In  both  ways  then  we  obtain  intermittent  tones.  In  the  first 
case  the  tone  of  the  reed  pipe  as  heard  in  the  outer  air  is  inter- 
rupted, because  it  can  only  escape  from  time  to  time.  The  inter- 
mittent tone  in  this  case  can  be  heard  by  any  number  of  listeners 
at  once.  In  the  second  case  the  tone  in  the  outer  air  is  con- 
tinuous, but  reaches  the  ear  of  the  observer,  who  hears  it  through 
the  disc  of  the  syren,  intermittently.  It  can  certainly  be  heard 
by  one  observer  only,  but  then  all  kinds  of  musical  tones  of  the 
most  diverse  pitch  and  quality  may  be  employed  for  the  purpose. 
The  intermission  of  their  tones  gives  them  all  exactly  the  same 
kind  of  roughness  which  is  produced  by  two  tones  which  beat 
rapidly  together.  We  thus  come  to  recognise  clearly  that  beats 
and  intermissions  are  identical,  and  that  both*  when  succeeding 
each  other  fast  enough  produce  what  is  termed  a  jar  or  rattle. 

Beats  produce  intermittent  excitement  of  certain  auditory 
nerve  fibres.  The  reason  why  such  an  intermittent  excitement 
acts  so  much  more  unpleasantly  than  an  equally  strong  or  even 
a  stronger  continuous  excitement,  may  be  gathered  firom  the 
analogous  action  of  other  human  nerves.  Any  powerful  excite- 
ment of  a  nerve  deadens  its  excitability,  and  consequently  renders 
it  less  sensitive  to  fresh  irritants.  But  after  the  excitement  ceases, 
and  the  nerve  is  left  to  itself,  irritability  is  speedily  re-established 
in  a  living  body  by  the  influence  of  arterial  blood.  Fatigue  and 
refreshment  apparently  supervene  in  diSerent  organs  of  the  body 
with  difierent  velocities;  but  they  are  found  wherever  muscles 
and  nerves  have  to  operate.  The  eye,  which  has  in  many  respects 
the  greatest  analogy  to  the  ear,  is  one  of  those  organs  in  which 
both  fatigue  and  refreshment  rapidly  ensue.  We  need  to  look  at 
the  sun  but  an  instant  to  find  that  the  portion  of  the  retina,  or 
nervous  expansion  of  the  eye,  which  was  affected  by  the  solar  light 
has  become  less  sensitive  for  other  light.    Immediately  afterwards 
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on  turning  our  eyes  to  a  uniformly  illuminated  siuface,  as  the 
sky,  we  see  a  dark  spot  of  the  apparent  size  of  the  sun ;  or  several 
such  spots  with  lines  between  them,  if  we  had  not  kept  our  eye 
steady  when  looking  at  the  sun  but  had  moved  it  right  and  left. 
An  instant  suffices  to  produce  this  effect ;  nay,  an  electric  spark, 
that  lasts  an  immeasurably  short  time,  is  fully  capable  of  causing 
this  species  of  fiettigue. 

TiVhen  we  continue  to  look  at  a  bright  surface,  the  impression 
is  strongest  at  first,  but  this  impression  at  the  same  time  blunts  the 
sensibility  of  the  eye,  and  consequently  the  impression  becomes 
weaker,  the  longer  we  allow  the  eye  to  act.  On  coming  out  of 
darkness  into  full  daylight  we  feel  blinded;  but  after  a  few 
minutes,  when  the  sensibility  of  the  eye  has  been  blunted  by  the 
irritation  of  the  light, — or,  as  we  say,  when  the  eye  has  grown 
accustomed  to  the  glare, — this  degree  of  brightness  is  foimd  very 
pleasant.  Conversely,  in  coming  from  full  daylight  into  a  dark 
vault,  we  are  insensible  to  the  weak  light  about  us,  and  can 
scarcely  find  our  way  about,  yet  after  a  few  minutes  when  the  eye 
has  rested  from  the  effect  of  the  strong  light,  we  are  able  to  see 
very  well  in  the  semi-dark  room. 

These  phenomena  and  the  like  can  be  conveniently  studied  in 
the  eye,  because  individual  spots  in  the  eye  may  be  excited  and 
others  left  at  rest,  and  the  sensations  of  each  may  be  afterwards 
compared.  Put  a  piece  of  black  paper  on  a  tolerably  well-lighted 
white  surface,  look  steadily  at  a  point  on  or  near  the  black  paper, 
and  then  withdraw  the  paper  suddenly.  The  eye  sees  a  secondary 
image  of  the  black  paper  on  the  white  surface,  consisting  of  that 
portion  of  the  white  surface  where  the  black  paper  lay,  which  now 
appears  brighter  than  the  rest.  The  place  in  the  eye  where  the 
image  of  the  black  paper  had  been  formed,  has  been  rested  in 
comparison  with  all  those  places  which  had  been  affected  by  the 
white  surfeu^,  and  on  removing  the  black  paper  this  rested  part  of 
the  eye  sees  the  white  surface  in  its  first  fresh  brightness,  while 
those  parts  of  the  retina  which  had  been  already  fatigued  by  look- 
ing at  it,  see  a  decidedly  greyer  tinge  on  the  white  surface. 

Hence  by  the  continuous  uniform  action  of  the  irritation  of 
Ught,  this  irritation  itself  blunts  the  sensibility  of  the  nerve,  and 
thus  effectually  protects  this  organ  against  too  long  and  too  violent 
excitement. 

It  is  quite  different  when  we  allow  intermittent  light  to  act 
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on  the  eye,  such  as  flashes  of  light  with  intermediate  pauses. 
Duriog  these  pauses  the  sensibility  is  again  somewhat  re-estab- 
lished, and  the  new  irritation  consequently  acts  much  more 
intensely  than  if  it  had  lasted  with  the  same  uniform  strength. 
Every  one  knows  how  unpleasant  and  annoying  is  any  flickering 
light,  even  if  it  is  relatively  very  weak,  coming,  for  example,  from 
a  little  flickering  taper  or  rushlight. 

The  same  thing  holds  for  the  nerves  of  touch.  Scraping  with 
the  nail  is  far  more  annoying  to  the  skin  than  constant  pressure  on 
the  same  place  with  the  same  pressure  of  the  nail.  The  unpleasant- 
ness of  scratching,  rubbing,  tickling,  depends  upon  the  intermittent 
excitement  which  they  produce  in  the  nerves  of  touch. 

A  jarring  intermittent  tone  is  for  the  nerves  of  hearing  what  a 
flickering  light  is  to  the  nerves  of  sight,  and  scratching  to  the 
nerves  of  touch.  A  much  more  intense  and  unpleasant  excitement 
of  the  organs  is  thus  produced  than  would  be  occasioned  by  a  con- 
tinuous uniform  tone.  This  is  even  shewn  when  we  hear  very 
weak  intermittent  tones.  If  a  tuning-fork  is  struck  and  held  at 
such  a  distance  from  the  ear  that  its  sound  cannot  be  heard,  it 
becomes  immediately  audible  if  the  handle  of  the  fork  be  revolved 
by  the  fingers.  The  revolution  brings  it  alternately  into  positions 
where  it  can  and  cannot  transmit  sound  to  the  ear,  and  this  alter- 
nation of  strength  is  immediately  perceptible  by  the  ear.  For 
the  same  reason  one  of  the  most  delicate  means  of  hearing  a  very 
weak,  simple  tone  consists  in  sounding  another  of  nearly  the  same 
strength,  which  makes  from  2  to  4  beats  in  a  second  with  the  first. 
In  this  case  the  strength  of  the  tone  varies  from  nothing  to  4 
times  the  strength  of  the  single  simple  tone,  and  this  increase  of 
strength  combines  with  the  alternation  to  make  it  audible. 

Just  as  this  alternation  of  strength  will  serve  to  strengthen  the 
impression  of  the  very  weakest  musical  tones  upon  the  ear,  we 
must  conclude  that  it  must  also  serve  to  make  the  impression  of 
stronger  tones  much  more  penetrating  and  violent,  than  they 
would  be  if  their  loudness  were  continuous. 

We  have  hitherto  confined  our  attention  to  cases  where  the 
number  of  beats  did  not  exceed  20  or  30  in  a  second.  We  saw 
that  the  beats  in  the  middle  part  of  the  scale  are  still  quite 
audible  and  form  a  series  of  separate  pulses  of  tone.  But  this  does 
not  furnish  a  limit  to  their  number  in  a  second. 

The  interval  b'  d'  gav5  us  33  beats  in  a  second  and  the  efiect 

s 
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of  sounding  the  two  notes  together  was  very  jarring.    The  interval 
of  a  whole  tone  b^\}  d'  gives  nearly  twice  as  many  beats,  but  these 
are  no  longer  so  cutting  as  the  former.    The  rule  assigns  88  beats 
in  a  second  to  the  minor  Third  a'  (/',  but  in  reality  this  interval 
scarcely  shews  any  of  the  roughness  produced  by  beats  from  tones 
at  closer  intervals.     We  might  then  be  led  to  conjecture  that  the 
increasing  number  of  beats  wiped  oflF  their  impression  and  made 
them  inaudible.     This  conjecture  would  find  an  analogy  in  the 
impossibility  of  separating  a  series  of  rapidly  succeeding  impres- 
sions of  light  on  the  eye,  when  their  number  in  a  second  is  too 
large.     Think  of  light  swung  round  in  a  circle.     If  it  executes  10 
or  15  revolutions  in  a  second,  the  eye  believes  it  sees  a  continuous 
circle  of  fire.     Similarly  for  colour-tops,  with  which  most  of  my 
readers  are  familiar.     If  the  top  be  spun  at  the  rate  of  more  than 
10  revolutions  in  a  second,  the  colours  upon  it  mix  and  form  a 
perfectly  filxed  impression  of  a  mixed  colour.     It  is  only  for  very 
intense  light  that  the  alternations  of  the  various  fields  of  colour 
have  to  take  place  more  quickly,  20  to  30  times  in  a  second. 
Hence  the  phenomena  are  quite  analogous  for  ear  and  eye.    When 
the  alternation  between  irritation  and  rest  is  too  fast,  the  alterna- 
tion ceases  to  be  felt,  and  sensation  becomes  continuous  and  lasting. 
However,  we  may  convince  ourselves  that  in  the  case  of  the  ear, 
an  increase  of  the  number  of  beats  in  a  second  is  not  the  only 
cause  of  the  disappearance  of  the  corresponding  sensation.     As  we 
passed  from  the  interval  of  a  Semitone  V  c"  to  that  of  a  minor 
Third  ci  (f\  we  not  only  increased  the  number  of  beats,  but  the 
breadth  of  the  interval.     Now  we  can  increase  the  number  of  beats 
without  increasing  the  interval  by  taking  it  in  a  higher  Octave. 
Thus  taking  V  d'  an  Octave  higher  we  have  V  d"  with  66  beats, 
and  another  Octave  would  give  us  V"  d"'  with  as  many  as  132  beats, 
and  these  are  really  audible  in  the  same  way  as  the  33  beats  of 
V  d\  although  they  certainly  become  weaker  in  the  higher  posi- 
tions.    Nevertheless  the  66  beats  of  the  interval  h"  d"  are  much 
more  distinct  and  penetrating  than  the  same  number  in  the  whole 
Tone  h')^  d\  and  the  88  of  the  interval  e^'y '  are  still  quite  evi- 
dent, while  the  88  of  the  minor  Third  a'  c"  are  practically  in- 
audible.    My  assertion  that  as  many  as  132  beats  in  a  second  are 
audible  will  perhaps  appear  very  strange  and  incredible  to  acous- 
ticians.   But  the  experiment  is  easy  to  repeat,  and  if  on  an  instru- 
ment which  gives  continued  tones,  as  4n  organ  or  harmonium,  we 


Ghap.  VIU.     limits  of  RAPIDITY  OF  AUDIBLE  BEATS.  259 

strike  a  series  of  intervals  of  a  semitone  each,  beginning  low  down 
and  proceeding  higher  and  higher,  we  shall  hear  in  the  lower  parts 
very  slow  beats  {B^G  gives  4-J-,  Be  gives  8^,  hcf  gives  16^  beats 
in  a  second),  and  as  we  ascend  the  rapidity  will  increase  but  the 
character  of  the  sensation  remain  unaltered.  And  thus  we  can  pass 
gradually  from  4  to  132  beats  in  a  second,  and  convince  ourselves 
that  though  we  become  incapable  of  counting  them,  their  character 
as  a  series  of  pulses  of  tone,  producing  an  intermittent  sensation, 
remains  unaltered.  It  must  be  observed,  however,  that  the  beats, 
even  in  the  higher  parts  of  the  scale,  become  much  cleaner  and 
clearer,  when  their  number  is  diminished  by  taking  intervals  of 
quarter  tones  or  less.*  The  most  penetrating  roughness  arises  even 
in  the  upper  p&rts  of  the  scale  from  beats  of  30  to  40  in  a  second. 
Hence  high  tones  in  a  chord  are  much  more  sensitive  to  an  error 
in  tuning  amounting  to  the  fraction  of  a  Semitone,  than  deep  ones. 
While  two  cf  which  diflFer  from  one  another  by  the  tenth  part  of  a 
Semitx)ne,  produce  about  one  beat  in  a  second,  which  cannot  be 
observed  without  considerable  attention,  and,  at  least,  gives  no 
feeling  of  roughness,  two  c"  with  the  same  error  give  4,  and  two 
d''  8  beats  in  a  second,  which  becomes  very  disagreeable.  The 
character  of  the  roughness  also  alters  with  the  number  of  beats. 
Slow  beats  give,  so  to  speak,  roughness  of  a  coarse  grain,  which  may 
be  called  chattering  or  jarring ;  and  quicker  ones  have  a  finer  but 
more  cutting  grain. 

Hence  it  is  not,  or  at  least  not  solely,  the  large  number  of 
beats  which  renders  them  inaudible.  The  magnitude  of  the  inter- 
val is  a  factor  in  the  result,  and  consequently  we  are  able  with 
high  tones  to  produce  more  rapid  audible  beats  than  with  low 
tones. 

Observation  shews  us,  then,  on  the  one  hand,  that  equally  large 
intervals  by  no  means  give  equally  distinct  beats  in  all  parts  of 
the  scale.  The  increasing  number  of  beats  in  a  second  renders  the 
beats  in  the  upper  part  of  the  scale  less  distinct.  The  beats  of  a 
Semitone  remain  distinct  to  the  upper  limits  of  the  four  times 
accented  octave,  and  this  is  also  about  the  limit  for  musical  tones 
fit  for  the  combinations  of  harmony.     The  beats  of  a  whole  tone, 

'  [The  justly  intoned  concertina  described  in  Appondix  XIX.  is  exceedingly  con- 
Tenient  for  making  these  observations,  as  it  has  d',  d",  d"\  and  \d',  \d!\  *d"\  which 
M©  flatter  than  the  former  by  Comma,  and  the  intervals  d'  \d't ,  d"  \d"t .  d!"t  Xd'"% 
may  be  contrasted  with  the  intervals  d'  Xd\  d"  Xd'\  d'"  Xd'".~  Translator.] 

B  2 
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which  in  deep  positions  are  very  distinct  and  powerful,  are  scarcely 
audible  at  the  upper  limit  of  the  thrice-accented  octave.  The 
major  and  minor  Third,  on  the  other  hand,  which  in  the  middle  of 
the  scale  may  be  regarded  as  consonances,  and  when  justly  intoned 
scarcely  shew  any  roughness,  are  decidedly  rough  in  the  lower 
Octaves  and  produce  distinct  beats. 

On  the  other  hand  we  have  seen  that  distinctness  of  beating 
and  the  roughness  of  the  combined  sounds  do  not  depend  solely  on 
the  number  of  beats.  For  if  we  could  disregard  their  magnitudes 
all  the  following  intervals,  which  by  calculation  should  have  33 
beats,  would  be  equally  rough  : 

the  Semitone  .  .  .     If  d' 


the  whole  Tones 
the  minor  Third 
the  major  Third 
the  Fourth 
the  Fifth     . 


.     d  (U  and  df  e' 

.     eg 

•     ce 

.    Gc 

.    CO 

and  yet  we  find  that  these  deeper  intervals  are  more  and  more  free 
from  roughness. 

The  roughness  of  a  combination  of  two  tones  depends,  then,  in  a 
compound  manner  on  the  magnitude  of  the  interval  and  the  num- 
ber of  beats  produced  in  a  second.  On  seeking  for  the  reason  of 
this  dependence,  we  observe  that,  as  before  remarked,  beats  in  the 
ear  can  exist  only  when  two  tones  are  produced  sufficiently  near  in 
the  scale  to  set  the  sa^e  elastic  appendages  of  the  auditory  nerve 
in  sympathetic  vibration  at  the  same  time.  When  the  two  tones 
produced  are  too  far  apart,  the  vibrations  excited  by  both  of  them 
at  once  in  Corti's  organs  are  too  weak  to  admit  of  their  beats  being 
sensibly  felt,  supposing  of  course  that  no  upper  partial  or  combi- 
national tones  come  into  play.  According  to  the  assmnptions  made 
in  the  last  chapter  respecting  the  degree  of  damping  possessed  by 
Corti's  organs  (p.  216),  it  would  result,  for  example,  that  for  the 
interval  of  a  whole  Tone  c  d,  such  of  Corti's  fibres  as  have  the  pro- 
per tone  c^  would  be  excited  by  each  of  the  tones  with  ^  of  its 
own  intensity ;  and  these  fibres  will  therefore  fluctuate  between 
the  intensity  of  vibration  0  and  ^.  But  if  we  strike  the  simple 
tones  c  and  cij^,  it  follows  from  the  table  there  given  that  Corti's 
fibres  which  correspond  to  the  middle  between  c  and  c^  will  alter- 
nate between  the  intensities  0  and  j-|.  Conversely  the  same  in- 
tensity of  beats  would  for  a  minor  Third  amount  to  only  0*194, 
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and  for  a  major  Third  to  only  0*108,  and  hence  would  be  scarcely 
perceptible  beside  the  two  primary  tones  of  the  intensity  1.  Fig. 
59,  which  we  used  on  p.  216  to 
express  the  intensity  of  the  sym- 
pathetic vibration  of  Corti's  fibres 
for  an  increasing  interval  of  tone, 
may  here  serve  to  shew  the  inten- 
sity of  the  beats  which  two  tones 
excite   in   the  ear   when  forming  ^^ 

diflFerent  intervals  in  the  scale.   But     ^^  ' 

the  parts  on  the  base  line  must  now 
be  considered  to  represent  fifths  of  a  whole  Tone,  and  not  as  before 
of  a  Semitone.  In  the  present  case  the  distance  of  the  two  tones 
from  each  other  is  doubly  as  great  as  that  between  either  of  them 
and  the  intermediate  Corti's  fibres. 

If  the  damping  of  Corti's  organs  had  been  equally  great  at  all 
parts  of  the  scale,  and  had  the  number  of  beats  no  influence  on  the 
roughness  of  the  sensation,  equal  intervals  in  all  parts  of  the  scale 
would  have  given  equal  roughness  to  the  combined  tones.  But  as 
this  is  not  the  case,  as  the  same  intervals  diminish  in  roughness  as 
we  ascend  in  the  scale,  and  increase  in  roughness  as  we  descend, 
we  must  either  assume  that  the  damping  power  of  Corti's  organs 
of  higher  pitch  is  less  than  that  of  those  of  deeper  pitch,  or  else  that 
the  discrimination  of  the  more  rapid  beats  meets  with  certain 
hindrances  in  the  nature  of  the  sensation  itself. 

At  present  I  see  no  way  of  deciding  between  these  two  suppo- 
sitions ;  but  the  former  is  possibly  the  more  improbable,  because, 
at  least  with  our  artificial  musical  instruments,  the  higher  the 
pitch  of  a  vibrating  body,  the  more  difficulty  is  experienced  in 
isolating  it  sufficiently  to  prevent  it  from  communicating  its  vibra- 
tions to  its  environment.  Very  short,  high-pitched  strings,  little 
metal  tongues  or  plates,  &c.,  yield  high  tones  which  die  ofiF  with 
great  rapidity,  whereas  it  is  easy  to  generate  deep  tones  with 
correspondingly  greater  bodies  which  shall  retain  their  tone  for  a 
considerable  time.  On  the  other  hand  the  second  supposition  is 
favoured  by  the  analogy  of  another  nervous  apparatus,  the  eye. 
As  has  been  already  remarked,  a  series  of  impressions  of  light,  fol- 
lowing each  other  rapidly  and  regularly,  excite  a  uniform  and 
continuous  sensation  of  light  in  the  eye.  When  the  separate  lumi- 
nous irritations  follow  one  another  very  quickly,  the  impression 
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produced  by  each  one  lasts  unweakened  in  the  nerves  till  the  next 
supervenes,  and  thus  the  pauses  can  no  longer  be  distinguished  in 
sensation.  In  the  eye,  the  number  of  separate  irritations  cannot 
exceed  24  in  a  second  without  being  completely  fused  into  a  single 
sensation.  In  this  respect  the  eye  is  far  surpassed  by  the  ear, 
which  can  distinguish  as  many  as  132  intermissions  in  a  second, 
and  probably  even  that  is  not  the  extreme  limit.  Much  higher 
tones  of  suflScient  strength  would  probably  allow  us  to  hear  still 
more.*  It  lies  in  the  nature  of  the  thing,  that  different  kinds  of 
apparatus  of  sensation  should  shew  different  degrees  of  mobility  in 
this  respect,  since  the  result  does  not  depend  simply  on  the  mo- 
bility of  the  molecules  of  the  nerves,  tut  also  depends  upon  the 
mobility  of  the  auxiliary  apparatus  through  whicli  the  excitement 
is  induced  or  expressed.  Muscles  are  much  less  mobile  than  the 
eye  ;  ten  electrical  discharges  in  a  second  directed  through  them 
generally  suflSce  to  bring  the  volimtary  muscles  into  a  permanent 
state  of  contraction.  For  the  muscles  of  the  involimtary  system, 
of  the  bowels,  the  vessels  &c.,  the  pauses  between  the  irritations 
may  be  even  one,  or  even  several  seconds,  without  any  intermission 
in  the  continuity  of  contraction. 

The  ear  is  greatly  superior  in  this  respect  to  any  other  nervous 
apparatus.  It  is  eminently  the  organ  for  small  intervals  of  time, 
and  has  been  long  used  as  such  by  astronomers.  It  is  well  known 
that  when  two  penduhims  are  ticking  near  one  another,  the  ear 
can  distinguish  whether  the  ticks  are  or  are  not  coincident,  within 
one  hundredth  of  a  second.  The  eye  would  certainly  fail  to  deter- 
mine whether  two  flashes  of  light  coincided  within  -^ ;  and  pro- 
bably within  a  much  larger  fraction  of  a  second.* 

»  [In  the  two  high  notes  g""  f""Z ,  of  the  flageolet  fifes  (p.  231,  note),  which  if 
justly  intoned  should  give  198  beats  in  a  second,  I  could  hear  none,  though  the  tones 
were  very  powerful,  and  the  scream  was  very  cutting  indeed. — In  the  case  of  I/"  d"\ 
which  on  my  concertina  are  tuned  to  make  (and  probably  make  very  nearly)  1,920  and 
2,048  vibrations  in  a  second,  the  rattle  of  the  128  beats,  or  thereabouts,  is  quite  dis- 
tinct, and  the  differential  tone  very  powerful  at  the  same  time. —  Trandaior,'\ 

*  [The  following  is  an  interesting  comparison  between  eye  and  ear,  and  eye  and 
hand.  The  usual  method  of  observing  transits  is  by  counting  the  pendulum  ticks  of 
an  astronomical  clock,  and  by  observing  the  distances  of  the  apparent  positions  of  a  star 
before  and  after  passing  each  bap  of  the  transit  instrument  at  the  moments  of  ticking, 
to  estimate  the  moment  at  which  it  hivd  passed  each  bar.  This  is  done  for  five  bars 
and  a  mean  is  taken.  But  within  the  last  few  years  a  chronograph  has  been  intro- 
duced at  Greenwich  Observatory,  consisting  of  a  uniformly  revolving  cylinder  in  which 
a  point  prickfl  a  hole  every  second.    Electrical  communication  being  established  with 
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CHAPTER  IX. 

DEPTH  AND  DEEPEST  TONES. 

Beats  give  us  an  important  means  of  determining  the  limit  of  the 
deepest  tones,  and  of  accounting  for  certain  peculiarities  of  the 
transition  from  the  sensation  of  separate  pulses  of  air  to  a  perfectly 
continuous  musical  tone,  and  to  this  inquiry  we  now  proceed. 

The  question :  what  is  the  smallest  number  of  vibrations  in  a 
second  which  can  produce  the  sensation  of  a  musical  tone  ?  has 
hitherto  received  very  contradictory  replies.  The  estimates  of 
different  observers  fluctuate  between  eight  (Savart)  and  about 
thirty.  The  contradiction  is  explained  by  the  existence  of  certain 
difficulties  in  the  experiments. 

In  the  first  place  it  is  necessary  that  the  strength  of  the  vibra- 
tions of  the  air  for  very  deep  tones  should  be  extremely  greater 
than  for  high  tones,  if  they  are  to  make  as  strong  an  impression  on 
the  ear.  Several  acousticians  have  occasionally  started  the  hypo- 
thesis that,  caeteria  paribus,  the  strength  of  tones  of  different 
heights  is  directly  proportional  to  the  via  viva  of  the  motion  of  the 
air,  or,  which  comes  to  the  same  thing,  to  the  amount  of  the 
mechanical  work  applied  for  producing  it.  But  a  simple  experi- 
ment with  the  siren  shews  that  when  equal  amounts  of  mechanical 
work  are  applied  to  produce  deep  and  high  tones  imder  conditions 
otherwise  alike,  the  high  tones  excite  a  very  much  more  powerful 
sensation  than  the  deep  ones.  Thus,  if  the  siren  is  blown  by  a 
bellows,  making  its  disc  revolve  with  increasing  rapidity,  and  if  we 
take  care  to  keep  up  a  perfectly  imiform  motion  of  the  bellows  by 
raising  its  handle  by  the  same  amount  the  same  number  of  times 
in  a  minute,  so  as  to  keep  its  l)ag  equally  filled,  and  drive  the 
same  amount  of  air  under  the  same  pressure  through  the  siren  in 
the  same  time,  we  hear  at  first,  while  the  revolution  is  slow,  a 
weak  deep  tone,  which  continually  ascends,  but  at  the  same  time 
gains  strength  at  an  extraordinary  rate,  till  when  the  highest  tones 


producible  on  my  doohle  siren  (neour  to  a'\  with  8M  vibnti<Ais 
in  a  seoood)  ai>e  reached,  tbeir  sti^oigtb  i$  aliEK>9t  iasnppcictabl«i» 
In  this  case  by  &r  the  greatest  part  <it  the  uniform  mechanical 
work  is  apfdied  to  the  generation  of  lesiMiant  motion,  and  only  a 
small  part  can  be  lost  by  tbe  friction  of  the  revolving  disc  on  its 
axial  supports,  and  the  air  which  it  sets  into  a  vortiod  motion  at 
the  same  time ;  and  these  losses  mu^  even  be  greaterfor  the  more 
rapid  rotation  than  for  the  slower,  so  that  fiM*  the  production  of  the 
high  tones  less  mechanical  work  remains  applicable  than  for  the 
deep  <mes,  and  yet  the  higher  tones  appear  to  our  sensation  ex« 
tiaordinarily  more  powerful  than  the  deep  ones.  How  fieur  upwards 
this  increase  may  extend,  I  have  as  yet  been  unable  to  determine, 
for  the  rapidity  of  my  siren  cannot  be  further  increased  with  tlie 
same  pressure  of  air. 

The  increase  of  strength  with  height  of  tone  is  especially  im« 
portant  in  the  deepest  part  of  the  scale.  It  follows  that  in  com* 
pound  tones  of  great  depth,  the  upper  partial  tones  may  be 
superior  to  the  prime  in  strength,  even  when  in  musical  tones  of 
the  same  description,  but  of  greater  height,  the  strength  of  the 
prime  may  greatly  predominate.  This  is  easily  proved  on  my 
double  siren,  because  by  means  of  the  beats  it  is  easy  to  determine 
whether  any  partial  tone  which  we  bear  is  the  prime,  or  the  second 
or  third  partial  tone  of  the  compound  imder  examination.  For 
when  the  series  of  twelve  holes  are  open  in  both  wind-boxes,  an<j^the 
handle,  which  moves  the  upper  wind-box,  is  rotated  once,  we  shall 
have,  as  already  shown,  four  beats  for  the  primes,  eight  for  the 
second  partials,  and  twelve  for  the  third  partials.  Now  wo  make 
the  discs  revolve  more  slowly  than  usual,  by  allowing  a  well-oiled 
steel  spring  to  rub  against  the  edge  of  one  disc  with  different  de- 
grees of  pressure,  and  thus  we  can  easily  produce  series  of  puffs 
which  correspond  to  very  deep  tones,  and  then,  turning  the  handle, 
we  can  count  the  beats.  By  allowing  the  rapidity  of  the  revolution 
of  the  discs  to  increase  gradually,  we  find  that  the  first  audiblo 
tones  produced  make  twelve  beats  for  each  revolution  of  the  handle, 
the  number  of  puffs  being  from  thirty-six  to  forty  in  the  second. 
For  tones  with  from  forty  to  eighty  puffs,  each  revolution  of  tho 
handle  gives  eight  beats.  In  this  case,  then,  the  upper  octavo  of 
the  prime  is  the  strongest  tone.  It  is  not  till  we  have  eighty  puffs 
in  a  second  that  we  hear  the  four  beats  of  the  primes. 

It  is  proved  by  these  experiments  that  motions  of  the  air,  which 
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do  not  take  the  form  of  pendular  vibrations,  can  excite  distinct 
and  powerful  sensations  of  tone,  of  which  the  vibrational  number 
is  two  or  three  times  the  nimiber  of  the  pulses  of  the  air,  and  yet 
that  the  prime  tone  is  not  heard  through  them.  Hence,  when  we 
continually  descend  in  the  scale,  the  strength  of  our  sensation 
'decreases  so  rapidly  that  the  sound  of  the  prime  tone,  although  its 
vis  viva  is  independently  greater  than  that  of  the  upper  partials, 
as  is  shewn  in  higher  positions  of  a  musical  tone  of  the  same  com- 
position, is  overcome  and  concealed  by  its  own  upper  partials. 
Even  when  the  action  of  the  compound  tone  on  the  ear  is  much 
reinforced,  the  eflfect  remains  the  same.  In  the  experiments  with 
the  siren  the  uppermost  plate  of  the  bellows  is  violently  agitated 
for  the  deep  tones,  and  when  I  laid  my  head  on  it,  my  whole  head 
was  set  into  such  powerful  sympathetic  vibration  that  the  holes  of 
the  rotating  disc,  which  vanish  to  an  eye  at  rest,  became  again 
separately  visible,  through  an  optical  action  similar  to  that  which 
takes  place  in  stroboscopic  discs.  The  row  of  holes  in  action  ap- 
peared to  stand  still,  the  other  rows  seemed  to  move  partly  back- 
wards and  partly  forwards,  and  yet  the  deepest  tones  were  no  more 
distinct  than  before.  At  another  time  I  connected  my  ear  by  means 
of  a  properly  introduced  tube,  with  an  opening  leading  to  the 
interior  of  the  bellows.  The  agitation  of  the  driunskin  of  the  ear 
was  so  great  that  it  produced  an  intolerable  itching,  and  yet  the 
deepest  tones  remained  as  indistinct  as  ever. 

In  order,  then,  to  discover  the  limit  of  deepest  tones,  it  is 
necessary  not  only  to  produce  very  violent  agitations  in  the  air, 
but  to  give  these  the  form  of  simple  pendular  vibrations.  Until 
this  last  condition  is  fulfilled  we  cannot  possibly  say  whether  the 
deep  tones  we  hear  belong  to  the  prime  tone  or  to  an  upper  par- 
tial tone  of  the  motion  of  the  air.^  Among  the  instruments 
hitherto  employed  the  wide-stopped  organ  pipes  are  the  most 
suitable  for  this  purpose.  Their  upper  partial  tones  are  at  least 
extremely  weak,  if  not  quite  absent.  Here  we  find  that  even  the 
lower  tones  of  the  sixteen-foot  octave,  C,  to  E^  begin  to  pass  over 
into  a  droning  noise,  so  that  it  becomes  difficult  for  even  a  prac* 

^  Thus  Savart's  instrument,  where  a  rotating  rod  strikes  throogh  a  narrow  slit, 
is  totally  unsuitable  for  making  the  lowest  tone  audible.  The  separate  pui&  of  air 
are  here  very  short  in  relation  to  the  whole  periodic  time  of  the  vibration,  and  conse- 
quently the  upper  partial  tones  must  be  very  strongly  developed,  and  the  deepest  tones, 
which  are  heard  for  8  to  16  passages  of  the  rod  through  the  hole  in  a  second,  can  be 
nothing  but  upper  partials. 
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tised  musical  ear  to  assign  their  pitch  with  certainty ;  and,  indeed, 
they  cannot  be  tuned  by  the  ear  alone,  but  only  indirectly  by 
means  of  the  beats  which  they  make  with  the  tones  of  the  upper 
octaves.  We  observe  a  similar  effect  on  the  same  deep  tones  of  a 
piano  or  physharmonica ;  they  form  drones  and  seem  out  of  tune, 
although  their  musical  character  is  on  the  whole  better  established 
than  in  the  pipes,  because  of  their  accompanying  upper  partial 
tones.  In  music,  as  artistically  applied  in  an  orchestra,  the  deepest 
tone  used  is,  therefore,  the  E^  of  the  double  bass,  with  forty-one 
vibrations  in  a  second,  and  I  think  I  may  predict  with  certainty 
that  all  efforts  of  modem  art  applied  to  produce  good  musical 
tones  of  a  lower  pitch  must  fail,  not  because  proper  means  of  agitat- 
ing the  air  cannot  be  discovered,  but  because  the  human  ear  cannot 
hear  them.  The  1 6-foot  C^  of  the  organ,  with  thirty-three  vibra- 
tions in  a  second,  certainly  gives  a  tolerably  continuous  sensation 
of  drone,  but  does  not  allow  us  to  give  it  a  definite  position  in 
the  musical  scale.  We  almost  begin  to  observe  the  separate  pulses 
of  air,  notwithstanding  the  regular  form  of  the  motion.  In  the 
upper  half  of  the  32-foot  octave,  the  perception  of  the  separate 
pulses  becomes  still  clearer,  and  the  continuous  part  of  the  sensa-. 
tion,  which  may  be  compared  with  a  sensation  of  tone,  continually 
weaker,  and  in  the  lower  half  of  the  32-foot  octave  we  can 
scarcely  be  said  to  hear  anything  but  the  individual  pulses,  or  if 
anything  else  is  really  beard,  it  can  only  be  weak  upper  pattial 
tones,  from  which  the  musical  tones  of  stopped  pipes  are  not  qiute 
free. 

I  have  tried  to  produce  deep  simple  tones  in  another  way. 
Strings  which  are  weighted  in  their  middle  with  a  hea\'y  piece  of 
metal,  on  being  struck  give  a  compound  tone  consisting  of  many 
simple  tones  which  are  mutually  inharmonic.  The  prime  tone  is 
separated  from  the  nearest  upper  partials  by  an  interval  of  several 
octaves,  and  hence  there  is  no  danger  of  confusing  it  with  any  of 
them ;  besides,  the  upper  tones  die  away  rapidly,  but  the  deeper 
ones  continue  for  a  very  long  time.  A  string  of  this  kind^  was 
stretched  on  a  sounding  box  having  a  single  opening  which  could 

*  It  was  a  thin  brass  pianoforte  string.  The  weight  was  a  copper  kreutzer  piece, 
[pronounce  kroiiser ;  throe  kreutzers  make  a  penny  at  Heidelberg,  where  the  experiment 
was  probably  tried,]  pierced  in  the  middle  by  a  hole  through  which  the  wire  passed 
and  then  made  to  grip  the  wire  immovably  by  driving  a  steol  tack  through  the  kreutaej 
near  the  hole. 
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be  connected  with  the  auditory  passage,  so  that  the  air  of  the^ 
sounding  box  could  escape  nowhere  else  but  into  the  ear.  The 
tones  of  a  string  of  customary  pitch  are  imder  these  circumstances 
insupportably  loud.  But  for  D^  with  37  vibrations  in  a  second, 
there  was  only  a  very  weak  sensation  of  tone,  and  even  this  was 
rather  jarring,  leading  to  the  conclusion  that  the  ear  began  even 
here  to  feel  the  separate  pulses  separately,  notwithstanding  their 
regularity.  At  B,,,  with  34  vibrations  in  a  second,  there  was 
scarcely  anything  audible  left.  It  appears,  then,  that  those  nerve 
fibres  which  perceive  such  tones  begin  as  early  as  at  this  note  to 
be  no  longer  excited  with  a  uniform  degree  of  strength  during  the 
whole  time  of  a  vibration,  whether  it  be  the  phases  of  greatest 
velocity  or  the  phases  of  greatest  deviation  from  its  mean  position 
in  the  vibrating  body  which  eflfect  the  excitement.* 

We  are,  then,  justified  in  asserting  that  sensation  of  musical 
tone  begins  at  about  30  vibrations  in  a  second,  but  that  a  deter- 
minate musical  pitch  is  not  perceived  till  about  40  vibrations  are 
performed  in  a  second.  These  facts  will  agree  with  the  hypothesis 
concerning  the  elastic  appendages  to  the  auditory  nerves,  on  re- 
membering that  the  deeply  intoned  fibres  of  Corti  may  be  set  in 
sympathetic  vibration  by  still  deeper  tones,  although  with  rapidly 
decreasing  strength,  so  that  sensation  of  tone,  but  no  discrimination 
of  pitch,  is  possible.  If  the  most  deeply  intoned  of  Corti's  fibres 
lie  at  greater  intervals  from  each  other  in  the  scale,  but  at  the 
same  time  their  power  of  damping  is  so  great  that  every  tone  which 
corresponds  to  the  pitch  of  a  fibre,  also  pretty  strongly  aflfects  the 
neighbouring  fibres,  there  will  be  no  safe  distinction  of  pitch  in  their 
vicinity,  but  it  will  proceed  continuously  without  jumps,  while  the 
intensity  of  the  sensation  must  at  the  same  time  become  small. 

Whilst  simple  tones  in  the  upper  half  of  the  16-foot  octave  are 
perfectly  continuous  and  musical,  yet  for  aerial  vibrations  of  a 
different  form,  for  example  when  compound  tones  are  used,  dis- 

1  Sabsequently  I  obtained  two  large  tuning-forks  from  Herr  Eoenig  in  Paris,  with 
sliding  weights  on  their  prongs.  By  altering  the  position  of  the  weights,  the  pitch 
was  changed,  and  the  corresponding  number  of  vibrations  was  given  on  a  scale  which 
runs  along  the  prongs.  One  fork  gave  24  to  35,  the  other  35  to  61  vibrations.  The 
sliding  weight  is  a  plate,  5  centimetres  [nearly  two  inches]  in  diameter,  and  forms 
ft  mirror.  On  bringing  the  ear  close  to  these  plates  the  deep  tones  are  weU  heard. 
For  30  vibrations  I  could  stiU  hear  a  weak  drone,  for  28  scarcely  a  trace,  although 
this  arrangement  made  it  easily  possible  to  form  oscillations  of  9  millimetres  [about 
^  inch]  in  amplitude,  quite  close  to  the  ear. 
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oontinaons  pulses  of  sound  are  still  heard  even  within  this  octave. 
For  example,  blow  the  disc  of  the  siren  with  gradually  increasing 
speed.  At  first  only  pulses  of  air  are  heard ;  but  after  reaching 
36  vibrations  in  a  second,  weak  tones  sound  with  them,  which, 
however,  are  at  first  upper  partials.  As  the  velocity  increases  the 
sensation  of  the  tones  becomes  continually  stronger,  but  it  is  a  long 
time  before  we  cease  to  perceive  the  discontinuous  pulses  of  air, 
although  these  tend  more  and  more  to  coalesce.  It  is  not  till  we 
reach  110  or  120  vibrations  in  a  second  {A  or  B\}  of  the  great 
octave)  that  the  tone  is  tolerably  continuous.  It  is  just  the  same 
on  the  harmonium,  where,  in  the  French  bom  stop,  c  with  132 
vibrations  in  a  second  still  jars  a  little,  and  in  the  bassoon  stop  we 
observe  the  same  jarring  even  in  (f  with  264  vibrations  in  a  second. 
Generally  the  same  observation  can  be  made  on  all  cutting,  snarling, 
or  braying  tones,  which,  as  has  been  already  mentioned,  are  always 
provided  with  a  very  great  number  of  distinct  upper  partial  tones. 

The  cause  of  this  phenomenon  must  be  looked  for  in  the  beats 
produced  by  the  high  upper  partials  of  such  compound  tones, 
which  are  too  nearly  of  the  same  pitch.  If  the  15th  and  16th 
partial  of  a  compound  tone  are  still  audible,  they  form  the  interval 
of  a  semitone,  and  naturally  produce  the  sharp  beats  of  this  dis- 
sonance. That  it  is  really  the  beats  of  these  tones  which  cause  the 
roughness  of  the  whole  compound  tone,  can  be  easily  felt  by  using 
a  proper  resonator.  If  0,  is  struck,  having  49^  vibrations  in  a 
second,  the  15th  partial  is  f%  the  16th  g"',  and  the  17th  g"'^ 
(nearly),  &c.  Now  when  I  apply  the  resonator  g^\  which  reinforces 
ff"  most,  and  fi^^  ^'^  somewhat  less,  the  roughness  of  the  tone 
becomes  extremely  more  prominent,  and  exactly  resembles  the 
sharp  jar  produced  when  f^  and  ^'  are  themselves  soimded. 
This  experiment  succeeds  on  the  pianoforte,  as  well  as  on  both 
stops  of  the  harmonium.  It  also  distinctly  succeeds  for  higher 
pitches,  as  far  as  the  resonators  reach.  I  possess  a  resonator  for 
^'\  and  although  it  only  slightly  reinforces  the  tone,  the  roughness 
of  O^  with  99  vibrations  in  a  second,  was  distinctly  increased  when 
the  resonator  was  applied. 

Even  the  8th  and  9th  partials  of  a  compound  tone,  which  are  a 
whole  tone  apart,  cannot  but  produce  beats,  although  they  are  not 
80  cutting  as  those  from  the  higher  upper  partials.  But  the  rein- 
forcement by  resonators  does  not  now  succeed  so  well,  because  the 
deeper  resonators  at  least  are  not  capable  of  simultaneously  rein- 
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forcing  the  tones  which  diflFer  from  each  other  by  a  whole  tone. 
For  the  higher  resonators,  where  the  reinforcement  is  slighter,  the 
interval  between  the  tones  capable  of  being  reinforced  is  greater, 
and  thus  I  succeeded  by  means  of  the  resonators  ^'  and  gr'^',  in  in- 
creasing the  roughness  of  the  Tones  0  to  g  (having  99  and  1 98 
vibrations  in  a  second  respectively),  which  is  due  to  the  7th,  8th, 
and  9th  partial  tones  {f\  ^\  a!\  and  f"\  ^'\  a'"  respectively). 
On  comparing  the  tone  of  0  as  heard  in  the  resonators  with  the 
tone  of  the  dissonances/''  ^^  and  g^'  a!'  as  struck  directly,  the  ear 
felt  their  close  resemblance,  the  rapidity  of  intermittence  being 
nearly  the  same. 

Hence  there  can  no  longer  be  any  doubt  that  motions  of  the 
air  corresponding  to  deep  musical  tones  compounded  of  numerous 
partials,  are  capable  of  exciting  at  one  and  the  same  time  a  con- 
tinuous sensation  of  deep  tones  and  a  discontinuous  sensation  of 
high  tones,  and  become  rough  or  jarring  through  the  latter.  Herein 
lies  the  explanation  of  the  fact  already  observed  in  examining 
qualities  of  tone,  that  compound  tones  with  many  high  upper 
partials  are  cutting,  jarring,  or  braying ;  and  also  of  the  fact  that 
they  are  more  penetrating  and  cannot  readily  pass  unobserved,  for 
an  intermittent  impression  excites  our  nervous  apparatus  much 
more  powerfully  than  a  continuous  one,  and  continually  forces  itself 
afresh  on  our  perception.^  On  the  other  hand  simple  tones,  or 
compoimd  tones  which  have  only  a  few  of  the  lower  upper  partials, 
lying  at  wide  intervals  apart,  must  produce  perfectly  continuous 
sensations  in  the  ear,  and  make  a  soft  and  gentle  impression,  with- 
out much  energy,  even  when  they  are  in  reality  relatively  strong. 

We  have  not  been  able  to  determine  the  upper  limit  of  the 
niunber  of  intermittences  perceptible  in  a  second  for  high  notes, 
and  could  only  draw  attention  to  their  becoming  more  difficult  to 
perceive,  and  making  a  slighter  impression,  as  they  became  more 
numerous.  Hence  even  when  the  form  of  vibration,  that  is  the 
quality  of  tone,  remains  the  same,  while  the  pitch  is  increased,  the 
quality  of  tone  will  generally  appear  to  diminish  in  roughness. 

'  [In  Professor  Tyndall's  paper  On  the  Atmosphere  as  a  Vehicle  of  Sound,  read 
before  the  Rojal  Society,  Feb.  12,  1874,  in  trying  the  distance  at  which  intense  sounds 
could  be  heard  at  sea,  he  says  (Philosophical  Transactions  for  1874,  vol.  164,  p.  189), 
*  The  influence  of  "  beats"  was  tried  on  June  3  [1873]  by  throwing  the  horns  slightly 
out  of  unison ;  but  though  the  beats  rendered  the  sound  characteristic,  they  did  not 
seem  to  augment  the  range.' — TVaTtslaior.] 
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CHAPTER  X. 

BBATS  OF  THE  UPPER  PARTIAL  TONES. 

The  beats  hitherto  considered,  were  produced  by  two  simple  toDes, 
without  any  intervention  of  upper  partial  or  combinational  tones. 
Such  beats  could  only  arise  when  the  two  given  tones  made  a  rela- 
tively small  interval  with  each  other.  As  soon  as  the  interval 
increased  to  a  minor  Third  the  beats  became  indistinct  in  the 
middle  parts  of  the  scale.  Now  it  is  well  known  that  beats  can 
also  arise  from  two  tones  which  make  a  much  greater  interval  with 
each  other,  and  we  shall  see  hereafter  that  these  beats  play  a  prin- 
cipal part  in  settling  the  consonant  intervals  of  our  musical  scales, 
and  they  must  consequently  be  closely  examined.  The  beats  heard 
when  the  two  generating  tones  are  more  than  a  minor  Third  apart 
in  the  scale,  arise  from  upper  partial  and  combinational  tones. 
When  the  compound  tones  have  distinctly  audible  upper  partials, 
the  beats  resulting  from  them  are  generally  clearer  and  stronger 
than  those  due  to  the  combinational  tones,  and  it  is  much  more 
easy  to  determine  their  source.  Hence  we  begin  the  investigation 
of  the  beats  occurring  in  wide  intervals  with  those  which  arise 
from  the  presence  of  upper  partial  tones.  It  must  not  be  forgotten, 
however,  that  beats  of  combinational  tones  are  much  more  general 
than  these,  as  they  occur  with  all  kinds  of  musical  tones,  both 
simple  and  compound,  whereas  of  course  those  due  to  upper 
partial  tones  are  only  found  when  these  tones  themselves  are 
distinct.  But  since  all  tones  which  are  usefril  for  musical  purposes 
are,  with  rare  exceptions,  richly  endowed  with  powerful  upper 
partial  tones,  the  beats  due  to  these  upper  partials  are  relatively 
of  much  greater  practical  importance  than  those  due  to  the  weak 
combinational  tones. 

When  two  compound  tones  are  sounded  at  the  same  time,  it  is 
readily  seen,  from  what  precedes,  that  beats  may  arise  whenever  any 
two  upper  partial  tones  lie  suflSciently  near,  or  when  the  prime  of 
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one  tone  approaches  an  upper  partial  of  the  other.  The  number 
of  beats  is  of  course^  as  before^  the  difference  of  the  vilvraticoial 
numbers  of  the  two  partial  tones  to  which  the  beats  are  due« 
When  this  difference  is  small,  and  the  beats  aie  theiefbie  slow, 
they  are  relatively  most  distinct  to  hear  and  to  count  and  to  in-* 
Testigate,  precisely  as  for  beats  of  prime  tones.  They  are  also 
more  distinct  when  the  particular  partial  tones  which  generate 
them  are  loudest.  Now,  for  the  tones  most  used  in  music,  partials 
with  a  low  ordinal  number  are  loudest,  because  the  intensity  of 
partial  tones  usually  diminishes  as  their  ordinal  number  increases* 
Let  us  begin,  then,  with  examples  like  the  following,  on  an  organ 
in  its  principal  or  violin  stops,^  or  upon  an  harmonium : 


3 ^—i 


1  2  3  4     I  6  J         J 


The  minims  in  these  examples  denote  the  prime  tones  of  the 
notes  struck,  and  the  crotchets  the  corresponding  upper  partial 
tones.  If  the  octave  C  c  in  the  first  example  is  tuned  accurately, 
no  beats  will  be  heard.  But  if  the  upper  note  is  changed  into  B 
as  in  the  second  example,  or  c{[>  as  in  the  third,  we  obtain  the 
same  beats  as  we  should  from  the  two  tones  B  Cj  or  c  c^,  where  the 
interval  is  a  semitone.  The  number  of  beats  (16^  in  a  second)  is 
the  same  in  each  case,  but  their  intensity  is  naturally  less  in  the 
former  case,  because  they  are  somewhat  concealed  by  tlie  strong 
deep  tone  (7,  and  also  because  c,  the  second  partial  of  (7,  has  gene- 
rally less  force  than  its  prime. 

In  examples  4  and  5  beats  will  be  heard  on  keyed  instruments 
tuned  according  to  the  usual  system  of  temperament.  If  the 
tempered  intonation  is  exact  there  will  be  one  beat  in  a  second, 
because  the  note  a'^  on  the  instrument  does  not  exactly  agree  with 
the  note  a''  which  is  the  third  partial  tone  of  the  note  d\  On  the 
other  hand  the  note  a''  on  the  instrument  exactly  coincides  with 
a'\  the  second  partial  tone  of  the  note  a'  in  the  fifth  example,  bo 
that  on  instruments  exactly  tuned  in  any  temperament  the  two 
examples  4  and  5  should  give  the  same  number  of  beats. 

*  [See  preceding  notes  1  and  2,  p.  141.    In  Eoglish  organs  the  open  diapaaon  and 
cornet  (p.  91,  note  3)  might  be  used. — Translator.] 
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Since  the  first  upper  partial  tone  makes  exactly  twice  as  many 
vibrations  in  a  second  as  its  prime,  the  c  on  the  instrument  in 
Ex.  1 ,  is  identical  with  the  first  upper  partial  of  the  prime  tone 
Cj  provided  c  makes  twice  as  many  vibrations  in  a  second  as  C, 
The  two  notes  C,  c,  cannot  be  struck  together  without  producing 
beats,  unless  this  exact  relation  is  maintained.  The  least  devia- 
tion from  this  exact  relation  is  betrayed  by  beats.  In  the  fourth 
example  the  beats  will  not  cease  till  we  tune  a"  on  the  instrument 
so  as  to  coincide  with  the  third  partial  tone  of  the  note  d^  and 
this  can  only  happen  when  the  vibrational  number  of  a''  is  pre- 
cisely three  times  that  of  d\  In  the  fifth  example  we  have  to 
make  the  vibrational  number  of  a'  half  as  great  as  that  of  a'\ 
which  is  three  times  that  of  d' ;  that  is  the  vibrational  numbers  of 
d'  and  a'  must  be  exactly  as  2 :  3,  or  beats  will  ensue.  Any  devia- 
tion from  this  ratio  will  be  detected  at  once  by  beats. 

Now  we  have  already  shewn  that  the  vibrational  numbers  of 
two  tones  which  form  an  octave  are  as  1  to  2,  and  those  of  two 
which  form  a  fifth  as  2  to  3.  These  ratios  were  discovered  long 
ago  by  merely  following  the  judgment  of  the  ear  respecting  the 
pleasantness  of  the  concords  of  two  tones.  The  circumstances 
just  stated  furaish  the  reason  why  these  interv^als  when  tuned 
according  to  these  simple  ratios  of  niunbers,  and  in  no  other  case, 
will  produce  an  undisturbed  concord,  whereas  very  small  deviations 
from  this  mathematical  intonation  will  betray  themselves  by  that 
restless  fluctuation  of  tone  known  as  beats.  The  d'  and  a'  of  the 
last  example,  if  tuned  as  a  perfect  fifth,  make  293  J  and  440  vibra- 
tions in  a  second  respectively,  and  their  common  upper  partial  a" 
makes  3x293^  =  2x440=880  vibrations  in  a  second.  In  the 
tempered  intonation  rf'  makes  as  much  as  293f  vibrations  in  a 
second,  and  hence  its  second  upper  partial  (or  third  partial)  tone 
makes  881  in  the  same  time,  and  this  extremely  small  diflference 
is  betrayed  to  the  ear  by  one  beat  in  a  second.  That  imperfect 
Octaves  and  Fifths  will  produce  beats,  was  a  fact  long  knoAvn  to 
organ  builders,  who  made  use  of  it  practically  to  obtain  the 
required  just  or  tempered  intonation  with  greater  ease  and  cer- 
tainty. Indeed,  there  is  no  more  sensitive  means  of  proving  the 
correctness  of  intervals. 

Two  musical  tones,  therefore,  which  stand  in  the  relation  of  a 
perfect  Octave,  a  perfect  Twelfth,  or  a  perfect  Fifth,  go  on  sound- 
ing uniformly  without  disturbance,  and  are  thus  distinguished 
from  the  next  adjacent  intervals,  imperfect  Octaves  and  Fifths,  for 
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which  a  part  of  the  tone  breaks  up  into  distinct  pulses,  and  con- 
sequently the  two  tones  do  not  continue  to  sound  without  inter- 
ruption. For  this  reason  the  perfect  Octave,  Twelfth,  and  Fifth 
will  be  called  consonant  intervals  in  contradistinction  to  the  next 
adjacent  intervals,  which  are  termed  dissonant.  Although  these 
names  were  given  long  ago,  long  before  anything  was  known  about 
upper  partial  tones  and  their  beats,  they  give  a  very  correct  notion 
of  the  essential  character  of  the  phenomenon  which  consists  in  the 
undisturbed  or  disturbed  coexistence  of  soimds. 

Since  the  phenomena  just  described  form  the  essential  basis  for 
the  construction  of  normal  musical  intervals,  it  is  advisable  to 
establish  them  experimentally  in  every  possible  form. 

We  have  stated  that  the  beats  heard  are  the  beats  of  those 

« 

partial  tones  of  both  compounds  which  nearly  coincide.  Now  it 
is  not  always  very  easy  on  hearing  a  Fifth  or  an  Octave  which  is 
slightly  out  of  tune,  to  recognise  clearly  with  the  unassisted  ear 
which  part  of  the  whole  sound  generates  the  beats.  On  listening 
we  are  apt  to  feel  that  the  whole  soimd  is  alternately  reinforced 
and  weakened.  Yet  an  ear  accustomed  to  distinguish  upper 
partial  tones,  after  directing  its  attention  on  the  conunon  upper 
partials  concerned,  will  easily  hear  the  strong  beats  of  these  par- 
ticular tones,  and  recognise  the  continued  and  undisturbed  sound 
of  the  primes.  Strike  the  note  d',  attend  to  its  upper  partial  a", 
and  then  strike  a  tempered  fifth  a';  the  beats  of  a'^  will  be  clearly 
heard.  To  an  unpractised  ear  the  resonators  already  described 
will  be  of  great  assistance.  Apply  the  resonator  for  a",  and  the 
above  beats  will  be  heard  with  great  distinctness.  If,  on  the 
other  hand,  a  resonator,  tuned  to  one  of  the  prime  tones  d'  or  a\ 
be  employed,  the  beats  are  heard  much  less  distinctly,  because 
the  continuous  part  of  the  tone  is  then  reinforced. 

This  last  remark  must  not  be  taken  to  mean  that  no  other 
simple  tones  beat  in  this  combination  except  a".  On  the  contrary, 
there  are  other  higher  and  weaker  upper  partials,  and  also  combi- 
national tones  which  beat  as  we  shall  learn  in  the  next  chapter, 
and  these  beats  coexist  with  those  already  described.  The  beats 
of  the  lowest  common  upper  partials  are  the  most  prominent, 
simply  because  these  partials  are  the  loudest  and  slowest  of  all. 

Secondly,  a  direct  experimental  proof  is  desirable  that  the 
numerical  ratios  here  deduced  from  the  vibrational  numbers  are 
really  those  which  give  no  beats.     This  proof  is  most  easily  given 
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by  means  of  the  double  siren  (fig.  56,  p.  245).  Set  the  discs  in 
revolution  and  open  the  series  of  8  holes  on  the  lower  and  16  on 
the  upper,  thus  obtaining  two  compound  tones  which  form  an 
Octave.  They  continue  to  sound  without  beats  as  long  as  the 
upper  box  is  stationary.  But  directly  we  begin  to  revolve  the 
upper  box,  thus  slightly  sharpening  or  flattening  the  tone  of  the 
upper  disc,  beats  are  heard.  As  long  as  the  box  was  stationary 
the  ratio  of  the .  vibrational  numbers  was  exactly  I  I  2,  because 
exactly  8  pulses  of  air  escaped  on  one  rotation  of  the  lower,  and 
16  on  one  rotation  of  the  upper  disc.  By  diminishing  the  speed 
of  rotation  of  the  handle  this  ratio  may  be  altered  as  slightly  as 
we  please,  but  however  slowly  we  turn  it,  if  it  move  at  all,  beats 
are  heard  proclaiming  the  falsification  of  the  interval. 

Similarly  mth  the  Fifth.  Open  the  series  of  12  holes  above, 
and  18  below,  and  a  perfectly  unbroken  Fifth  will  be  heard  as 
long  as  the  upper  windbox  is  at  rest.  The  ratio  of  the  vibrational 
numbers,  fixed  by  the  holes  of  the  two  series,  is  exactly  2  to  3.  On 
rotating  the  windchest,  beats  are  heard.  We  have  seen  that  each 
revolution  of  the  handle  increases  or  diminishes  the  number  of 
vibrations  of  the  tone  due  to  the  12  holes  by  4.  When  we  have 
the  tone  of  12  holes  on  the  lower  discs  also,  we  thus  obtain  4  beats. 
But  with  the  Fifth  from  12  and  18  holes  each  revolution  of  the 
handle  gives  12  beats,  because  the  vibrational  number  of  the 
third  partial  tone  increases  on  each  revolution  of  the  handle  by 
3x4=12,  when  that  of  the  prime  tone  increases  by  4,  and  we  are 
now  concerned  with  the  beats  of  this  partial  tone. 

In  these  investigations  the  siren  has  the  great  advantage  over 
all  other  musical  instruments,  of  having  its  intervals  tuned  accord- 
ing to  their  simple  numerical  relations  with  mechanical  certainty 
by  the  method  of  constructing  the  instrument,  and  we  are  conse- 
quently relieved  from  the  extremely  laborious  and  difficult  measure- 
ments of  the  vibrational  numbers  which  would  have  to  precede  the 
proof  of  our  law  on  any  other  musical  instrument.  Yet  the  law 
had  been  already  established  by  such  measurements,  and  the  ratios 
were  shewn  to  approximate  more  and  more  closely  to  those  of  the 
simple  numbers,  as  the  degree  of  perfection  increased,  to  which 
the  methods  of  measuring  numbers  of  vibrations  and  tuning  per- 
fectly had  been  brought. 

Just  as  the  coincidences  of  the  two  first  upper  partial  tones 
led  us  to  the  natural  consonances  of  the  Octave  and  Fifth,  the 
coincidences  of  higher  upper  partials  would  lead  us  to  a  further 
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series  of  natural  consonances.  Now  it  must  be  remarked  that  in 
the  same  proportion  that  these  higher  upper  partials  become 
weaker,  the  beats  become  less  perceptible  by  which  the  imperfect 
are  distinguished  from  the  perfect  intervals,  and  the  error  of 
tuning  is  shewn.  Hence  the  delimitation  of  those  intervals  which 
depend  upon  coincidences  of  the  higher  upper  partials  becomes 
continually  more  indistinct  and  indeterminate  as  the  upper  partials 
involved  are  higher  in  order.  In  the  following  table  the  first  hori- 
zontal line  and  first  vertical  column  contain  the  ordinal  numbers  of 
the  coincident  upper  partial  tones,  and  at  their  intersection  will  be 
found  the  name  of  the  corresponding  interval  between  the  prime 
tones,  and  the  ratio  of  the  vibrational  numbers  of  the  tones  com- 
posing it.  This  numerical  ratio  always  results  from  the  ordinal 
numbers  of  the  two  coincident  upper  partial  tones. 


Coincident 

Partial 

ToQoa 

1 

2 

8 

4 

6 

•{ 

2  Octaves 

and  Fifth 

1  :6 

• 

Twelfth 

1  : 3 

Octave 

1  :2 

Fifth 

2:  3 

Minor 
Third 
6:6 

6 

2  Octaves  & 
Major  Third 

1:6 

Major 
Tenth 

2:6 

Major 

Sixth 

3  :  6 

Major 
Third 

4  : 6 

'{ 

Double 

Octave 

1  :  4 

Octave 
1  :  2 

Fourth 

3:4 

'  { 

Twelfth 

1  :3 

Filth 

2  :  3 

2       ( 
\ 

Octave 
1  :2 

The  two  lowest  lines  of  this  table  contain  the  intervals  already 
considered,  the  Octave,  Twelfth,  and  Fifth.  In  the  third  line 
from  the  bottom  the  4th  partial  gives  the  intervals  of  the  Fourth 
and  double  Octave.  The  5th  partial  determines  the  major  Third, 
either  simple  or  increased  by  one  or  two  Octaves,  and  the  major 
Sixth.  The  6th  partial  introduces  the  minor  Third  in  addition. 
Here  I  have  stopped,  because  the  7th  partial  tone  is  entirely  elimi- 
nated, or  at  least  much  weakened,  on  instruments  such  as  the 
piano,  where  the  quality  of  tone  can  be  regulated  within  certain 
limits.  Even  the  6th  partial  is  generally  very  weak,  but  an  en- 
deavour is  made  to  favour  all  the  partials  up  to  the  5th.  We 
shall  return  hereafter  to  the  intervals  characterised  by  the  7th 
partial,  and  to  the  minor  Sixth,  which  is  determined  by  the  8th. 
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The  following  is  the  order  of  the  consonant  intervals  beginning 
with  those  distinctly  characterised,  and  then  proceeding  to  those 
which  have  their  limits  somewhat  blurred,  so  to  speak,  by  the 
weaker  beats  of  the  higher  upper  partial  tones. 

1.  Octave 1:2 

2.  Twelfth      .         . '       .         .         .  1:3 

3.  Fifth 2:3 

4.  Fourth 3:4 

5.  Major  Sixth        .         .         .         .  3:5 

6.  Major  Third        .         .         .         .  4:5 

7.  Minor  Third       .        .         .         .  5:6 

The  following  examples  in  musical  notation  shew  the  coinci- 
dences of  the  upper  partials.  The  primes  are  as  before  represented 
by  minims,  and  the  upper  partials  by  crotchets.  The  series  of 
upper  partials  is  continued  up  to  the  common  tone  only. 


Octave.  Twelfth.     Fifth.      Fourth.  Maj.  sixth.  Maj. third.  Min.  third. 
1:2       1:3         2:3         3:4         3:5  4:5         5:6 

We  have  hitherto  confined  our  attention  to  beats  arising  from 
intervals  which  diflfer  but  slightly  from  those  of  perfect  conson- 
ances. When  the  diflference  is  small  the  beats  are  slow,  and 
hence  easy  both  to  observe  and  count.  Of  course  beats  continue 
to  occur  when  the  deviation  of  the  two  coincident  upper  partials 
increases.  But  as  the  beats  then  become  more  numerous,  their 
real  character  is  more  easily  concealed  than  even  the  more  rapid 
beats  of  dissonant  primes,  under  the  overwhelming  mass  of  sound 
of  the  louder  primes.  These  more  rapid  beats  give  a  rough 
effect  to  the  whole  mass  of  sound,  but  the  ear  does  not  readily 
recognise  its  cause,  imless  the  experiments  have  been  conducted 
by  gradually  increasing  the  imperfection  of  an  harmonic  interval, 
so  as  to  make  the  beats  gradually  more  and  more  rapid,  thus 
leading  the  observer  to  mark  the  intermediate  steps  between  the 
numerable  rapid  beats  on  the  one  hand,  and  the  roughness  of  a 
dissonance  on  the  other,  and  hence  to  convince  himself  that  the 
two  phenomena  differ  only  in  degree. 
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In  examining  the  beats  arising  from  two  simple  tones  we  saw 
that  their  distinctness  and  roughness  depended  partly  on  the 
magnitude  of  the  interval  between  the  beating  tones,  and  partly 
upon  the  rapidity  of  the  beats  themselves,  so  that  for  high  tones 
this  increasing  rapidity  injured  the  distinctness  of  even  the  beats 
arising  from  small  inter\^als,  and  obliterated  them  in  sensation. 
At  present,  as  we  have  to  deal  with  beats  of  upper  partials,  which, 
when  their  prime's  lie  in  the  middle  region,  principally  belong 
to  the  higher  parts  of  the  scale,  the  rapidity  of  the  beats  has  a 
preponderating  influence  on  the  distinctness  of  their  definition. 

The  law  determining  the  number  of  beats  in  a  second  for  a 
given  imperfection  in  a  consonant  interval,  results  immediately  from 
the  law  above  assigned  for  the  beats  of  simple  tones.  When  two 
simple  tones,  making  a  small  interval,  generate  beats,  the  number 
of  beats  in  a  second  is  the  diflFerence  of  their  vibrational  numbers. 
Let  us  suppose  by  way  of  example  that  a  certain  prime  tone  has 
the  vibrational  number  300.  The  vibrational  numbers  of  the 
primes  which  make  consonant  intervals  with  it,  will  be  as  fol- 
lows : — 


Prime  tone  =  800 

Upper  Octave            =  600 
„       Fifth               «  460 
„       Fourth            =  400 
Major  Sixth   =  600 
„       Major  Third  «  376 
„       Minor  Third  =  360 

Lower  Octave            =160 
„      Fifth              -  200 
„      Fourth           •  226 
„      Major  Sixth  -  180 
„       Major  Third  «  240 
„      Minor  Third  «  260 

Now  assume  that  the  prime  tone  has  been  put  out  of  tune  by 
one  vibration  in  a  second,  so  that  its  vibrational  number  becomes 
301,  then  calculating  the  vibrational  niunber  of  the  coincident 
upper  partial  tones,  and  taking  their  difference,  we  find  the 
number  of  beats  thus : — 


Interral  upwards 

Boathig  Partial  Tones 

Number  ol 
Beats 

Prime 
Octave    . 
Fifth      . 
Fourth    . 
Major  Sixth    . 
Major  Third   . 
Minor  Third   . 

1    X   300  =     300 

1  X  600  =     600 

2  X   450  «     900 

3  X   400  =  1200 

3  X   600  »  1600 

4  X  375  »  1600 
6  X  360  »  1800 

1  X  301  »     301 

2  X  301  »     602 

3  X   301  =>     903 

4  X  301  »  1204 
6  X   301  «  1606 
6  X  301  B  1606 
6  X  301  -  1806 

1 
2 
3 
4 
6 
6 
6 
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Interval  downwards 

Beating  Partial  Tones 

Number  of 
Beats 

Prime     . 
Octave    . 
Fifth       . 
Fourth    . 
Major  Sixth 
Major  Third 
Minor  Third 

1  X  300  £=     300 

2  X   150  »     300 

3  X  200  a     600 

4  X  225  a     900 
6  X   180  a     900 

5  X  240  a  1200 

6  X  250  a  1500 

1     X    301    a      301 

1  X   301  a    301 

2  X  301  a    602 

3  X  301  a     903 

3  X  301  =     903 

4  X  301  a  1204 

5  X  301  a  1505 

1 

1 
2 
3 
3 
4 
5 

Hence  the  number  of  beats  which  arise  from  putting  one  of  the 
generating  tones  out  of  tune  to  the  amount  of  one  vibration  in  a 
second,  is  always  given  by  the  two  numbers  which  define  the  inter- 
val. The  smaller  number  gives  the  number  of  beats  which  arise 
from  increasing  the  vibrational  number  of  the  upper  tone  by  1. 
The  larger  number  gives  the  number  of  beats  which  arise  from 
increasing  the  vibrational  number  of  the  lower  tone  by  1.  Hence 
if  we  take  the  major  Sixth  ca,  having  the  ratio  3  I  5,  and  sharpen 
a  so  as  to  make  one  additional  vibration  in  a  second,  we  shall  have 
3  beats  in  a  second ;  but  if  we  sharpen  c  so  as  to  make  one  more 
vibration  in  a  second,  we  obtain  5  beats  in  a  second,  and  so  on. 

Our  calculation  and  the  rule  based  on  it  shew  that  if  the 
amount  by  which  one  of  the  tones  is  put  out  of  tune  remains  con- 
stant, the  number  of  the  beats  increases  according  as  the  interval 
is  expressed  in  larger  numbers.  Hence  for  Sixths  and  Thirds  we 
must  have  vibrational  numbers  of  the  tones  much  more  nearly  in 
the  normal  ratio,  if  we  wish  to  avoid  slow  beats,  than  for  Octaves 
and  Unisons.  On  the  other  hand  a  slight  imperfection  in  the 
tuning  of  Thirds  brings  us  much  sooner  to  the  limit  where  the 
beats  become  too  rapid  to  be  distinctly  separable.  By  changing 
the  Unison  c'V,  by  flattening  one  tone,  into  the  Semitone  6V, 
on  sounding  the  notes  together  there  results  a  clear  dissonance 
with  33  beats,  the  number  which,  as  before  observed,  seems  to  give 
the  maximum  of  harshness.  But  to  obtain  33  beats  from  fifth  f'(/\ 
it  is  only  necessary  to  alter  (/'  by  a  quarter  of  a  Tone.  If  it  is 
changed  by  a  Semitone,  so  that  f'c^^  becomes  /'  b%  there  result  66 
beats,  and  their  clearaess  is  already  much  injured.  To  obtain  33 
beats  the  (/^  must  not  be  changed  in  the  Fifth  c'V  by  more  than 
one-sixth  of  a  Tone,  in  the  Fourth  c/y  by  more  than  one-eighth, 
in  the  major  Third  c/V  and  major  Sixth  c'V  by  more  than  one- 
tenth,  and  in  the  minor  Third  c'V'[>  by  more  than  one-twelftb. 


Chap.  X. 


OF  UPPER  PABTIAL  TONES. 


281 


Conversely,  if  in  each  of  these  intervals  the  vibrational  number  of 
d'  be  altered  by  33,  so  that  d'  becomes  hf  or  d''[>,  we  obtain  the 
following  numbers  of  beats. 


The  interral  of  the 

Locomes 

or 

and  giyet  beatd 

Octave          .          .     d' d" 

Fifth   .       .       .    e'  f 

Fourth          .         .     c"/" 
Major  Third         .    d' d' 
Minor  Thi*d          .    c"  e"b 

h'  d" 

h'  d' 
h'  d'\> 

d:'\>  d" 
d"\>  a" 
dTb  f" 
<r't)  d* 
d'\>  d'b 

66 

99 

132 

165 

198 

Now  since  99  beats  in  a  second  produce  very  weak  effects  even 
under  favourable  circumstances  for  simple  tones,  and  132  beats  in 
a  second  seem  to  lie  at  the  limit  of  audibility,  we  must  not  be 
surprised  if  such  numbers  of  beats,  produced  by  the  weaker  upper 
partials,  and  smothered  by  the  more  powerful  prime  tones,  no 
longer  produce  any  sensible  effect,  and  in  fact  vanish  so  far  as  the 
ear  is  concerned.  Now  this  relation  is  of  great  importance  in  the 
practice  of  music,  for  in  the  table  it  will  be  seen  that  the  mistimed 
Fifth  gives  the  interval  b^  ^'  which  is  much  used  as  an  imperfect 
consonance  under  the  name  of  minor  Sixth.  In  the  same  way 
we  find  the  major  Third  d")^f''  as  a  mistuned  Fourth,  and  the 
Fourth  Ifd'  as  a  mistuned  major  Third,  and  so  on.  That,  at  least 
in  this  part  of  the  scale,  the  major  Third  does  not  produce  the 
beats  of  a  mistuned  Fourth,  or  the  Fourth  those  of  a  mistuned 
major  Third,  is  explained  by  the  great  number  of  beats.  In  point 
of  fisu^  these  intervals  in  this  part  of  the  scale  give  a  perfectly  un- 
interrupted sound,  without  a  trace  of  beats  or  harshness,  when  they 
are  tuned  perfectly. 

This  brings  us  to  the  investigation  of  those  circumstances 
which  affect  the  perfection  of  the  consonance  for  the  different  in- 
tervals. A  consonance  has  been  characterised  by  the  coincidence  of 
two  of  the  upper  partial  tones  of  the  compounds  forming  the  chord. 
When  this  is  the  case  the  two  compound  tones  cannot  generate 
any  slow  beats.  But  it  is  possible  that  some  other  two  upper  partial 
tones  of  these  two  compounds  may  be  so  nearly  of  the  same  pitch  that 
they  can  generate  rapid  beats.  Cases  of  this  kind  occur  in  the  last 
examples  in  musical  notation  (p.  278.)  Among  the  upper  partials 
of  the  major  Third  FA  occur/'  and  «',  side  by  side;  and  among 
those  of  the  minor  Third  FA)^  will  be  found  a'  and  a'[>.     In  each 
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case  there  is  the  dissonance  of  a  Semitone,  and  these  must  produce 
the  same  beats  as  if  they  had  been  given  directly  as  simple  prime 
tones.  Now  although  such  beats  can  produce  no  very  prominent 
impression,  partly  on  account  of  their  rapidity,  partly  on  account 
of  the  weakness  of  the  tones  which  generate  them,  and  partly  be- 
cause the  primes  are  sounding  on  at  the  same  time  unintermit- 
tently,  they  cannot  but  exert  some  effect  on  the  harmoniousness 
of  the  interval.  In  the  last  chapter  we  foimd  that  in  certain 
qualities  of  tone,  where  the  higher  upper  partials  are  strongly  de- 
veloped, sensible  dissonances  may  arise  within  a  single  compound 
tone  (p.  269).  When  two  such  musical  tones  are  sounded  together, 
there  will  be  not  only  the  dissonances  resulting  from  the  higher 
upper  partial  tones  in  each  individual  compound,  but  also  those 
which  arise  from  a  partial  tone  of  the  one  forming  a  dissonance 
with  a  partial  tone  of  the  other,  and  in  this  way  there  must  be  a 
certain  increase  in  roughness. 

An  easy  method  of  finding  those  upper  partials  in  each  conso- 
nant interval  which  form  dissonances  with  each  other,  may  be 
deduced  from  what  has  been  already  stat/cd  (p.  281)  concerning 
larger  imperfections  in  tuning  consonant  intervals.  We  thus  found 
that  the  major  Third  might  be  considered  as  a  mistuned  Fourth, 
and  the  Fourth  again  as  a  mistuned  Third.  On  raising  the  pitch 
of  a  compound  tone  by  a  Semitone,  we  raise  the  pitch  of  all  its 
upper  partial  tones  by  the  same  amount.  Those  upper  partials 
which  coincide  for  the  interval  of  a  Fourth,  separate  by  a  Semi- 
tone when  by  altering  the  pitch  of  one  generating  tone  we  convert 
the  Fourth  into  a  major  Third,  and  similarly  those  which  coincide 
for  the  major  Third  differ  by  a  Semitone  for  the  Foiurth,  as  will 
appear  in  the  following  example. 


Major  third.    Minor  third. 


The  4th  and  3rd  partial  in  the  Fourth  of  the  first  example 
coincide  as  /'.     But  if  the  Fourth  B\}  sinks,  as  in  the  second  ex- 
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ample,  to  the  major  Third  -4,  its  3rd  partial  f  sinks  also  to  e%  and 
forms  a  dissonance  with  the  4th  partial  /'  of  F^  which  was  im- 
altered.  On  the  other  hand  the  5th  and  4th  tone  of  the  two 
compounds,  which  in  the  first  example  formed  the  dissonance 
a!  6'[>,  now  coincide  as  a!.  In  the  same  way  the  consonant  unison 
a!al  of  the  second  example  appears  as  the  dissonance  cda!)^  in  the 
third,  and  the  dissonance  d'd'^  in  the  second  becomes  the  conso- 
nant unison  c'd'  in  the  third. 

Hence  in  each  consonant  interval  those  upper  partials  form  a 
dissonaTicey  which  coincide  in  one  of  the  adjacent  consonant 
intervaZs^^  and  in  this  sense  we  can  say,  that  every  consonance  is 
disturbed  by  the  proximity  of  the  consonances  next  adjoining  it 
in  the  scale,  and  that  the  resulting  disturbance  is  the  greater,  the 
lower  and  louder  the  upper  partials  which  by  their  coincidence 
characterise  the  disturbing  interval,  or,  in  other  words,  the  smaller 
the  number  which  expresses  the  ratio  of  the  vibrational  numbers. 

The  following  table  gives  a  general  view  of  this  influence  of 
the  different  consonances  on  each  other.  The  partials  are  given  up 
to  the  9th  inclusive,  and  corresponding  names  ^  assigned  to  the 
intervals  arising  from  the  coincidence  of  the  higher  upper  partial 
tones.  The  third  column  contains  the  ratios  of  their  vibrational 
numbers,  which  at  the  same  time  furnish  the  number  of  the  order 
of  the  coincident  partial  tones.  The  fourth  column  gives  the  dis- 
tance of  the  separate  intervals  from  each  other,  and  the  last  a 
measure  of  the  relative  strength  of  the  beats  resulting  from  the 
mistuning  of  the  corresponding  interval,  reckoned  for  the  quality 
of  tone  of  the  violin.'  The  degree  to  which  any  interval  disturbs 
the  adjacent  intervals,  increases  with  this  last  number. 

*  [That  is,  in  intonrals  which  differ  from  the  first  by  raising  or  depressing  one  of 
its  tones  by  a  Semitone  (either  ^  or  ^5)  as  in  the  table  on  p.  281,  or  even  a  Tone  (|). 
Thus  for  Fifth,  §  x  }f  =  |  a  minor  Sixth  ;  and  J  x  g  =  J  a  Fourth.  For  Fourth,  ♦  x  ^  =  |  a 
majorThird;and  Jx|  =  |aFifth.  For  major  Third  |  x  }f  =  |  a  Fourth;  and|x||  =  J 
a  minor  Third.  For  minor  Third  |x||  =  |  a  major  Third,  and  Sx}|«|  a  major 
Tone.  The  adjacency  of  the  consonant  intervals  is  best  shewn  in  fig.  60,  A  (p.  292), 
where  it  appears  that  the  ortler  may  be  taken  at ;  1)  Unison,  2)  minor  Third,  8)  major 
Third,  4)  Fourth,  6)  Fifth,  6)  minor  Sixth,  7)  major  Sixth,  8)  Octave.  In  the  Table 
on  p.  284,  other  intervals,  not  perfectly  consonant,  are  intercalated  among  these. — 
Translator,] 

*  [For  the  83'stomatic  English  names  here  employed  see  Appendix  XIX.,  Sect.  B, 
and  Table  II.,  ii.  (Septimal  Intervals.) — Translator.] 

»  See  Appendix  No.  XV. 
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The  most  perfect  chord  is  the  Unison,  for  which  both  com- 
pound tones  have  the  same  pitch.  All  its  partial  tones  coincide, 
and  hence  no  dissonance  can  occur  except  such  as  is  coQtaiDed  in 
each  compound  separat«ly  (p.  269). 

It  is  much  the  same  with  the  Octave.  All  the  partial  tones 
of  the  higher  note  of  .this  interval  coincide  with  the  even-partial 
tones  of  the  deeper,  and  reinforce  them,  so  that  in  this  case  also 
there  can  be  no  dissonance  between  two  upper  partial  tones,  except 
such  as  already  exists,  in  a  weaker  form,  among  those  of  the  deeper 
note.  A  note  accompanied  by  its  Octave  consequently  becomes 
brighter  in  quality,  because  the  higher  upper  partial  tones  on 
which  brightnesB  of  quality  depends,  are  partly  reinforced  by  the 
additional  Octave.  But  a  similar  effect  would  also  be  produced 
by  simply  increasing  the  intensity  of  the  lower  note  withouc  add- 
ing the  Octave ;  the  only  difference  would  be,  that  in  the  latter  case 
the  reinforcement  of  the  different  partial  tones  would  be  somewhat 
differently  distributed. 

The  same  holds  for  the  Twelfth  and  double  Octave,  and  gene- 
rally for  all  those  cases  in  wliich  the  prime  tone  of  the  higher  note 
coiucides  with  one  of  the  partial  tones  of  the  lower  note,  although 
as  the  interval  between  the  two  notes  increases  the  difference 
between  consonance  and  disonance  tends  towards  obliteration. 

The  cases  hitherto  considered,  where  the  prime  of  one  com- 
pound tone  coincides  with  one  of  the  partials  of  the  other,  may  be 
termed  abaokitfi  consoruiTices.  The  second  compound  tone  intro- 
duces no  new  element,  but  merely  reinforces  a  part  of  the  other. 
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Unison  and  Octave  disturb  the  next  adjacent  intervals  consider- 
ably, in  the  sense  assigned  to  this  expression  on  p.  283,  so  that  the 
minor  Second  C  D\}^  and  the  major  Seventh  05,  which  differ  from 
the  Unison  and  Octave  by  a  Semitone  respectively,  are  the  harshest 
dissonances  in  our  scale.  Even  the  major  Second  C  Z),  and  the 
minor  Seventh  C  B\}^  which  are  a  whole  Tone  apart  from  the  dis- 
turbing intervals,  must  be  reckoned  as  dissonances,  although,  owing 
to  the  greater  interval  of  the  dissonant  partial  tones,  they  are  much 
milder  than  the  others.  In  the  higher  regions  of  the  scale  their 
roughness  is  materially  lessened  by  the  increased  rapidity  of  the 
beats.  Since  the  dissonance  of  the  minor  Seventh  is  due  to  the 
second  partial  tone,  which  in  most  musical  qualities  of  tone  is 
much  weaker  than  the  prime,  it  is  still  milder  than  that  of  the 
major  Second,  and  hence  lies  on  the  very  boundary  between  dis- 
sonance and  consonance. 

To  find  additional  good  consonances  we  must  consequently  go 
to  the  middle  of  the  Octave,  and  the  first  we  meet  is  the  Fifth, 
Immediately  next  to  it  within  the  interval  of  a  Semitone  there  are 
only  the  intervals  5  :  7  and  5  I  8  in  oiu:  table,  and  these  cannot 
much  disturb  it,  because  in  all  the  better  kinds  of  musical  tones 
the  7th  and  8th  partials  are  either  very  weak  or  entirely  absent. 
The  next  intervals  with  stronger  upper  partials  are  the  Fourth 
3  :  4  and  the  major  Sixth  3  :  5.  But  here  the  interval  is  a  whole 
Tone,  and  if  the  tones  1  and  2  of  the  interval  of  the  Octave  could 
produce  very  little  disturbing  eflfect  in  the  minor  Seventh,  the 
disturbance  by  the  tones  2  and  3,  or  by  the  adjacency  of  the 
Fifth  for  the  Fourth  and  major  Sixth  must  be  insignificant,  and 
the  reaction  of  these  two  intervals  with  the  tones  3  and  4  or  3  and 
5  on  the  Fifth  must  be  entirely  neglected.  Hence  the  Fifth 
remains  a  perfect  consonance,  in  which  there  is  no  sensible  disturb- 
ance of  closely  adjacent  upper  partial  tones.  It  "is  only  in  harsh 
qualities  of  tone  (harmonium,  double-bass,  violoncello,  reed  organ 
pipes)  with  high  upper  partial  tones,  and  deep  primes,  when  the 
Dumber  of  beats  is  small,  that  we  remark  that  the  Fifth  is  some- 
what rougher  than  the  Octave.^  Hence  the  Fifth  has  been 
acknowledged  as  a  consonance  from  the  earliest  times  and  by  all 
musicians.  On  the  other  hand  the  intervals  next  adjacent  to  the 
Fifth  are  those  which  produce  the  harshest  dissonances  after  those 

*  [Take  the  vibrational  numbers  of  the  two  prime  tones  which  form  the  first  to 
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next  adjacent  to  the  Octave.  Of  the  dissonant  intervals  next  the 
Fifth,  those  in  which  the  Fifth  is  flattened,  that  is  which  lie 
between  the  Fifth  and  Fourth,  and  are  disturbed  firstly  by  the 
tones  2  and  3,  and  secondly  by  the  tones  3  and  4,  are  more 
decidedly  dissonant  than  those  in  which  the  Fifth  is  sharpened 
and  which  lie  between  the  Fifth  and  major  Sixth,  because  for  the 
latter  the  second  disturbance  arises  from  the  tone  4  and  the  weaker 
tone  5.^     The  intervals  between  the  Fifth  and  Fourth  are  conse- 

be  2  and  3,  and  find  those  of  their  upper  partials  thus,  assuming  C  Cr  to  be  the  two 
notes. 


Nos.     . 
Partials  of   . 

.     1         2 
.     2         4 

3 
6 

4         5 
8       10 

6 
12 

7        8 
14       16 

Lower  note  . 
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Vb     c" 
h' 
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Nos.     . 
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3 
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We  see  that  the  beating  tones  are  14  and  15,  or  h'b  h\  the  7th  partial  of  the  lower 
and  6th  of  the  upper ;  and  15  and  16,  or  h'  c",  the  6th  of  the  upper  and  8th  of  the 
lower  not«,  and  that  these  boats  are  unimportant  because  the  7th  and  8th  partials  are 
generally  weak  ;  but  if  they  are  strong  these  beats  being  those  of  a  Semitone,  and  of 
nearly  a  Semitone,  are  very  harsh.  On  a  bass  concertina  with  just  intonation,  where 
the  Twelfth  was  faultless,  the  Fifth  was  extremely  harsh.  The  next  beating  partial 
tones  are  8  and  9,  or  d  d\  the  4th  partial  of  the  lower  and  3rd  of  the  upper  note,  and 
these  being  a  whole  Tone  apart,  the  beats  are  not  of  importance  even  when  strong, 
and  with  weak  upper  partials  are  insignificant.  Similarly  for  the  beat«  of  9  and 
10,  or  d'  dt  the  3rd  partial  of  the  upper  and  6th  of  the  lower  note.  Perhaps  so^ne 
readers  may  find  this  method  of  examining  the  cause  of  roughness  easier  than  that  in 
the  text  The  meaning  in  both  cases  is  the  same,  and  on  comparing  the  text  it  will 
be  seen  that  the  same  intervals  are  compared  in  the  same  order. — Translator.'] 

>  [Taking  the  scheme  in  the  last  note,  and  supposing  6^  to  be  altered  first  to  Gb 
and  then  to  -4b ,  we  may  write  the  several  schemes  thus : 


No.  of  Partials 

1         2 

3 

4         5 

6 

7        8 

Lower  Note 
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If  the  Gb  were  made  sufficiently  flat,  we  should  have  its  5th  partial  Vb  coinciding  with 
"the  7th  partial  of  C,  which,  however,  is  never  felt  as  a  consonance,  and  the  interval 
then  becomes  6  :  7.  This,  however,  never  occurs  in  musical  practice,  where  the  Vb 
from  (rb  is  always  sharper  than  that  from  C,  but  this  dissonance  is  not  felt,  the 
gb  g  or  tones  2  and  3,  and  d  d'b  or  tones  3  and  4  producing  the  chief  disturbance. 
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quently  always  considered  dissonant  in  musical  practice.  But 
between  the  Fifth  and  major  Sixth  lies  the  interval  of  the  Tninor 
Sixths  which  is  treated  as  an  imperfect  consonance,  and  owes  this 
preference  mainly  to  its  being  the  inversion  of  the  major  Third. 
On  keyed  instruments,  as  the  piano,  the  same  keys  will  strike 
notes  which  at  one  time  represent  the  consonance  C  A\}^  and  at 
another  the  dissonance  C  G^.* 

Next  to  the  Fifth  follow  the  consonances  of  the  Fourth  3  I  4 
and  the  major  Sixths  the  chief  disturbance  of  which  arises  usually 
from  the  Fifth.  The  Fourth  is  somewhat  further  from  the  Fifth 
(the  interval  is  8  :  9)  than  it  is  from  the  major  Sixth  (the  interval 
is  9  I  10),  and  hence  the  latter  is  a  less  perfect  consonance  than 
the  former.  But  close  by  the  Fourth  lies  the  major  Third  with 
the  4th  and  5th  partials  coincident,  and  hence  when  these  partials 
are  strongly  developed,  the  Fourth  may  lose  its  advantage  over  the 
major  Sixth.  It  is  also  well  known  that  the  old  theoretical  musi- 
cians long  disputed  as  to  whether  the  Fourth  should  be  considered 
consonant  or  dissonant.  The  precedence  given  to  the  Fourth  over 
the  major  Sixth  and  major  Third,  is  rather  due  to  its  being  the 
inversion  of  the  Fifth  than  to  its  own  inherent  harmoniousness. 
The  Fourth,  the  major  Sixth  and  minor  Sixth,  are  rendered 
less  pleasant  by  being  widened  by  an  Octave  (thus  becoming  the 
Eleventh,  and  major  and  minor  Thirteenth),  because  they  then  lie 
near  the  Twelfth,  and  consequently  the  disturbance  by  the  charac- 
teristic tones  of  the  Twelfth  1  and  3,  is  greater,  and  also  the 
adjacent  intervals  2:5  for  the  Eleventh,  and  217  for  the 
Thirteenths,  are  more  disturbing  than  the  4  I  5  for  the  Fourth 
and  4  r  7  for  the  Sixths  in  the  lower  Octave.* 

If  Jb  is  taken  sufficiently  sharp  for  its  6th  partial  &'  to  coincide  with  the  eighth  of 
C  we  have  the  interval  5  !  8  or  minor  Sixth.  Here  again  we  hare  the  disturbance 
from  ab  ff  the  tones  2  and  3,  but  the  second  disturbance  is  now  from  «'b  e'  or  tones 
3  and  5,  instead  of  from  d'b  c'  or  tones  3  and  4,  and  as  the  tone  5  is  weaker  the  dis- 
turbance  on  the  whole  is  weaker.     This  is  the  case  in  musical  practice. — TVansiatar,^ 

*  [This  is  the  result  of  temperament.  When  justly  intoned  «'  c"  is  a  pleasant 
interval,  even  on  the  concertina.  But  in  the  l)a8S  E  c  \b  miserable  for  the  same 
instrument.  On  the  other  hand  (/  gt  (where  ^  is  a  major  Third  above  ^)  is  harshly 
difiBonant,  more  so  than  c'/t  (where /'I  is  the  perfect  Fifth  to  b), — TranslatcrJ] 

*  [Treating  these  intervals  as  in  the  preceding  notes  we  have  : 

No.  of  Partials  .  .1  2         3       4       6       6       7       8 

Lower  note  .     C  c        g      d      (f      gf     h'b   d' 

J  Fourth        .     ■    .         .         .         F       f  d  r    a!  d' 

No.  of  Partials  ...  1  2  3466 
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Next  come  the  major  and  mi/nor  Third.  The  latter  is  very 
imperfectly  delimited  on  instruments  which,  like  the  pianoforte,  do 
not  strongly  develop  the  6th  partial  of  the  compound  tone,  because 
it  can  then  be  imperfectly  tuned  without  producing  sensible  beats.^ 
The  minor  Third  is  sensibly  exposed  to  disturbance  from  the  Uni- 
son, and  the  major  Third  from  the  Fourth ;  and  both  mutually 
disturb  each  other,  the  minor  Third  coming  off  worse  than  the 
major.*     For  the  harmoniousness  of  either  interval  it  is  necessary 
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These  diagrams  will  make  the  text  immediately  intelligible,  bat  as  the  notes  refer  to 
the  ordinary  notation  the  fact  that  /  to  ^  in  the  Fourth  is  a  wider  internal  than  g  to 
a  in  the  m^'or  Sixth  is  not  expressed.  It  is,  however,  readily  seen  how  much  worse 
is  the  minor  Sixth  with  ^  to  ab*  and  tliat  in  all  these  cases  the  disturbance  arises 
from  the  2nd  and  3rd  partials  which  coincide  for  the  fifth.  It  is  also  seen  how  the 
disturbance  is  increased  in  the  Elevenths  and  Thirteenths  on  account  of  one  of  the 
disturbing  tones  becoming  a  prime,  and  hence  louder. — TVan^tor.] 

'  [As  the  usual  tempered  tuning  of  the  piano  makes  the  minor  Third  greatly  too 
flat,  this  becomes  a  great  advantage  on  that  instrument.  On  the  harmonium  even 
^^,  d*  ^'  are  very  harsh,  as  compared  with  the  same  intervals  on  my  justly  intoned 
concertina. — Translator^ 

'  [This  will  be  made  clearer  by  the  following  diagrams : 

No.  of  Partials  .        .         .1  2         345678 

Lower  Note  .        ,    C  c       g      c'      f^      9*     b'b    c" 

f  Major  Third      .         .         ,         E        e        b  e         ^%    V        d" 

No.  of  Partials  ...         1         2         3  4  56 
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tbat  ihe  disturbing  beats  should  be  very  rapid.  Hence  in  the 
upper  part  of  the  scale  these  intervals  are  pure  and  good,  but  in 
the  lower  part  they  are  very  rough.  Hence  all  antiquity  refused 
to  accept  Thirds  as  consonances.  It  was  not  till  the  time  of 
Franco  of  Cologne  (at  the  end  of  the  twelfth  century)  that  they 
were  admitted  as  vmperfect  consonances.  The  reason  of  this  may 
probably  be  that  musical  theory  was  developed  among  classical 
nations  and  in  medieval  times  principally  in  respect  to  men's 
voices,  and  in  the  lower  part  of  this  scale  Thirds  are  feir  from 
good.  With  this  we  must  connect  the  fact  that  the  proper  into- 
nation of  Thirds  was  not  discovered  in  early  times,  and  that  the 
Pythagorean  Thirds  with  its  ratio  of  64  I  81,  was  looked  upon 
as  the  normal  form  till  towards  the  close  of  the  middle  ages.^ 

7      8 
Vb  &' 

6        7 

The  6th  partial  of  this  E))  is  not  the  same  as  the  7th  partial  of  C,  although  the 
notation  makes  it  appear  so,  but  it  is  sharper  in  the  ratio  of  36  :  35,  and  hence  if  the 
partials  were  not  so  high  would  be  very  disturbing.  It  is  seen  that  g*  g^  are  the 
6Ui  and  5th  partials  for  the  major  Thiid,  and  ^\>  ef  the  4th  and  5th  for  the  minor 
Third ;  the  interval  being  the  same  (24  :  25),  the  disturbance  is  worse  in  the  latter 
ease,  because  the  partials  are  lower  and  hence  louder. — Trandator,'] 

>  [The  ordinaiy  major  Third  on  the  harmonium  is  yezy  litUe  flatter  than  this, 
but  still  it  is  much  less  harsh.  On  my  justly  intoned  concertina  it  is  possible  to 
contrast  the  just  with  the  Pythagorean  Third.  The  following  arrangement  of  the 
consonant  intervals  will  shew  the  beating  partials  in  each  case,  and  the  exact  ratios 
of  their  intervals.  The  number  of  the  partial  is  subscribed  in  each  case.  The  beating 
interval  is  inoffensive  for  5  :  6,  but  its  action  becomes  sensible  for  7  I  8,  8  :  9,  and 
9 :  10,  and  for  14  :  15,  15  :  16,  24  :  25  the  effect  is  decidedly  bad  if  the  tones  are 
strong  enough  and  the  beats  slow  enough ;  the  strength  depends  on  the  lowness  of  the 
(adinal  numbers  of  the  beating  partials,  and  the  rapidity  on  their  position  in  the 
scale.  This  must  be  taken  into  consideration,  as  in  fig.  60,  p.  292.  The  order  of  the 
intervals  is  that  of  their  relative  harmoniousness  as  assigned  in  my  paper  '  On  the 
Physical  Constitution  and  Relations  of  Musical  Chords,'  in  the  Proceedings  of  the 
Royal  Society,  June  16,  1864,  vol.  xiii.  p.  392,  Table  VIII.,  here  re-arranged. 
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The  important  influence  exercised  on  the  harmoniousness  of 
the  consonances,  especially  the  less  perfect  ones,  by  the  rapidity 
of  the  weak  beats  of  the  dissonant  upper  partials,  has  already  been 
indicated.     If  we  place  all  the  intervals  above  the  same  bass  note, 

Cg  ri        2346678        0      10 

t  Twelfth  \  3,  6,  9, 


CP  /  3,      6,      9,     12^     15,     18,    21,    24,    27,    80„ 

}  Fourth  I       4|      8,         12,  I64    20,        24,         28, 


CA  /  8,       6,      9,     12^  16,  18,    21,    24,    27,  80„ 

{  Mfl^or  Sixth  \       6|               10,  16,  20^            26,  80, 

CE  /  4,       8,     12,     I64  20,  24,    28,    32,    88,  40„ 

j  Major  Third  \       6,     10,    15,  20^  26,    30,    36,  40, 


CEb  f  6,     10,     15,    2O4    26,  30,  36,    40,  46,    60|, 

f  Minor  Third  \       6,     12,     18,     24^  30,  36,    42,    48, 

CA\}  /  6|     10,     16,    2O4     25,  30,  36,    40,  46,    60., 

{  Minor  Sixth  \       8|               16,    24,            32^         40,  48, 

Ceb  r  6.     10,     16,    2O4     26,  30,  36,    40,  46,    60|, 

yg  Minor  Tenth  \              \2^             24,  86,  48, 

Cf  f  3,       6,      9,     12^     16,     18,  21,     24,  27,     30„ 

S  EleTenth  \               Sj                         16,  24, 


.1 


Ca  r  3,       6,      9,     124    16,     18,    21,    24,    27,    30|, 

la.  Thirteenth  t  10,  20,  80, 

Cab  /  6,     10,     16,     2O4    26,    30,    36,    40,    46,    60|, 

V  Mi.  Thirteenth  \  16,  ^2,  48, 

The  last  four  are  so  rough  that  they  are  seldom  reckoned  as  consonances.  The  above 
order  was  determined  merely  by  frequently  sounding  the  intervals  in  just  intonation 
on  my  bass  and  treble  concertinas,  and  relates  solely  to  the  effect  on  my  own  ear. 
The  greater  richness  of  the  major  Tenth  over  the  Twelfth  made  me  prefer  the  former. 
The  effect  is  Tery  much  like  that  of  a  compound  tone,  in  which  the  prime  is  inaudible ; 
even  the  tone  3  is  supplied  partly  by  a  combinational  tone.  Hence  when  a  man's 
Toice  accompanies  a  woman's  at  a  Third  below  (that  is  really  a  Tenth)  the  effect  is 
more  agreeable  than  when  another  woman  sings  the  real  Third  below,  as  long  as  the 
Thirds  are  major ;  the  contrary  is  the  case  when  the  Thirds  are  minor.  In  ordinary 
rules  for  harmony  no  distinction  is  made  between  Tenths  and  Thirds,  Fourths  and 
Elevenths,  &c  The  above  table  shews  that  the  differences  are  of  extreme  importance. 
As  will  be  seen  hereafter,  the  minor  Tenth,  the  Eleventh,  and  both  Thirteentha  ought 
to  be  avoided  or  else  treated  as  dissonances. — Tran9laU>r.'\ 
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the  number  of  their  beats  in  a  second  varies  much,  and  is  much 
greater  for  the  imperfect  than  for  the  perfect  consonances.  But 
we  can  give  all  the  intervals  hitherto  considered  such  a  position 
in  the  scale  that  the  number  of  their  beats  in  a  second  should  be 
the  same.  Since  we  have  found  that  33  beats  in  a  second  pro- 
duce about  the  maximum  amount  of  roughness,  I  have  so  chosen 
ihe  position  of  the  intervals  in  the  following  examples  in  musical 
notation,  as  to  give  that  number  in  every  case.  The  intonation 
is  supposed  to  be  that  of  the  scale  of  C  major  with  just  intervals, 
but  6b  represents  the  sub-minor  Seventh  of  c  (4  I  7).    See  p.  284. 


m 


i 


16  :  16      8  :  15 


^^ 


bSi 


a 


i^ 


8:9 


7:8      7:9       6:7       6:7 


4:7 


6:8 


6:6 


4:5 


3:5 


3:4      2:3 


The  prime  tones  of  the  notes  in  this  example  are  all  partials 
of  C^  which  makes  33  vibrations  in  a  second,  and  hence  their  own 
vibrational  numbers  and  those  of  their  upper  partials  are  multiples 
of  33 ;  consequently  the  difference  of  these  vibrational  numbers, 
which  gives  the  number  of  beats,  must  always  be  33,  66,  or  some 
higher  multiple  of  33.^ 

In  the  low  positions  here  assigned  the  beats  arising  from  the 
dissonant  upper  partials  are  as  effective  as  their  intensity  will 
allow,  and  in  this  case  the  Sixths,  Thirds,  and  even  the  Fourth 
are  considerably  rough.  But  the  major  Sixth  and  major  Third 
shew  their  superiority  over  the  minor  Third  and  minor  Sixth,  by 
descending  lower  down  in  the  scale,  and  yet  sounding  somewhat 
milder  than  the  others.*  It  is  also  a  well-known  practical  rule 
among  musicians  to  avoid  these  close  intervals  in  low  positions, 
when  soft  chords  are  required,  though  there  was  no  justification 
for  this  rule  in  any  previous  theory  of  chords. 

>  [If  we  took  the  notes  as  simple  tones,  only  those  would  beat  sensibly  which 
are  less  than  a  minor  Third  apart,  that  is  15  :  16,  9  :  8,  7  I  8,  6  :  7.  The  rest  beat 
Z3  timee  by  upper  partials  which  are  at  a  less  distance  apart. — IVanslator.'] 

s  [Although  the  number  of  the  beats  is  the  same,  they  are  dne  to  higher  upper 
partials  in  the  two  major  interrals,  and  henee  are  not  so  loud. — Trantlator,\ 

u  2 
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My  theory  of  hearing  by  means  of  the  sympathetic  vibration 
of  elastic  appendages  to  the  nerves,  would  allow  of  calculating  the 
intensity  of  the  bests  of  the  different  intervala,  when  the  intensity 
of  the  upper  partials  in  the  corresponding  quality  of  tone  belong- 
ing to  the  instrument  used,  is  known,  and  the  interrala  are  bo 
chosen  that  the  number  of  beata  in  a  second  is  the  same.  But 
such  a  calculation  would  be  very  different  for  different  qualities  of 
tone,  and  holds  only  for  such  a  particular  case  as  may  be  assumed. 


For  intervab  constructed  on  the  same  lower  note  a  new  iactor 
comee  into  play,  namely,  the  number  of  beats  which  occur  in  a 
second ;  and  the  influence  of  this  iactor  on  the  roughness  of  the 
sensation  cannot  be  calculated  directly  by  any  fixed  iaw.  But  to 
obtain  a  general  graphical  representation  of  the  complicated  relar- 
tions  which  co-operate  to  produce  the  effect,  I  have  made  such  a 
calculation,  knowing  that  diagrams  teach  more  at  a  glance  than 
the  most  complicated  descriptions,  and  have   hence  constructed 
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figs.  60,  A  and  B  (p.  292).   In  order  to  construct  them  I  have  been 
forced  to  assume  a  somewhat  arbitrary  law  for  the  dependence  of 
rouglmess  upon  the  number  of  beats.    I  chose  for  this  purpose  the 
simplest  mathematical  formula  which  would  shew  that  the  rough- 
ness vanishes  when  there  are  no  beats,  increases  to  a  maximum 
for  33  beats,  and  then  diminishes  as  the  niunber  of  beats  increases. 
Next  I  have  selected  the  quality  of  tone  on  the  violin  in  order  to 
calculate  the  intensity  and  roughness  of  the  beats  due  to  the 
upper  partials  taken  two  and  two  together,  and  from  the  final 
results  I  have  constructed  figs.  60,  A  and  B  (p.  292).     The  base 
lineB  d€\  d'  €"  denote  those  parts  of  the  musical  scale  which  lie 
lietwem  the  notes  thus  named,  but  the  pitch  is  taken  to  increase 
•iMflliiuouflly  [as  when  the  finger  slides  down  the  violin  string], 
Mid  not  by  separate  steps  [as  when  the  finger  stops  off  definite 
Iwflthn  of  the  violin  string].    It  is  further  assumed  that  the  notes 
fV  eampound  tones  belonging  to  any  individual  part  of  the  scale, 
•oimded  together  with  the  note  d^  which  forms  the  constant 
note  of  all  the  intervals.     Fig.  60  A,  therefore,  shews  the 
nmglinefls  of  all  intervals  which  are  less  than  an  Octave,  and  fig. 
fiO  B  of  those  which  are  greater  than  one  and  less  than  two 
Octaves.     Above  the  base  line  there  are  prominences  marked  with 
the  ordinal  numbers  of  the  partials.     The  height  of  these  pro- 
minences at  every  point  of  their  width  is  made  proportional  to 
the  roughness  produced  by  the  partial  tones  denoted  by  the  num- 
bersy  when  a  note  of  corresponding  pitch  is  sounded  at  the  same 
time  with  the  note  d.    The  roughnesses  produced  by  the  diffe- 
rent pairs  of  upper  partials  are  erected  one  over  the  other.^    It 
inll  be  seen  that  the  various  roughnesses  arising  from  the  different 
intervals  encroach  on  each  other's  regions,  and  that  only  a  few 
narrow  valleys  remain,  corresponding  to  the  position  of  the  best 
censonances,  in  which  the  roughness  of  the  chord  is  comparatively 
smalL     The  deepest  vaUeys  in  the  first  Octave  d  d'  belong  to  the 
Octave  d  and  the  Fifth  ^ ;  then  comes  the  Fourth/',  the  major 
Sixth  a\  and  the  major  Third  «',  in  the  order  already  found  for  these 
intervals.  The  minor  Third  «'b,  and  the  minor  Sixth  a'b,  have  *  cols ' 
rather  than  valleys,  the  bottoms  of  their  depressions  lie  so  high, 
corresponding  to  the  greater  roughness  of  these  intervals.     Tbey 

1  [The  method  in  whidi  these  diagrams  were  calculated  is  shewn  at  the  end  of 
Appendix  XV.— 2Vaii«fa<ar.] 
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are  almost  the  same  as  for  the  intervals  involving  7,  as  4  !  7, 5  I  7, 
6  :  7.» 

In  the  second  Octave  as  a  general  rule  all  those  intervals  of 
the  first  Octave  are  improved,  in  which  the  smaller  of  the  two 
nmnbers  expressing  the  ratio  was  even ;  thus  the  Twelfth  113, 
major  Tenth  2  :  5,  subminor  Fourteenth  2  :  7,  and  subminor 
Tenth  3  :  7,*  are  smoother  than  the  Fifth  2  :  3,  major  Third  4  :  5, 
subminor  Seventh  4  :  7,  and  subminor  Third  6  !  7.  The  other 
intervals  are  relatively  deteriorated.  The  Eleventh  or  increased 
Fourth  is  distinctly  worse  than  the  major  Tenth ;  the  major  Thir- 
teenth, or  increased  major  Sixth,  is  similarly  worse  than  the  sub- 
minor  Fourteenth.  The  minor  Third,  when  increased  to  a  minor 
Tenth,'  and  the  minor  Sixth,  when  increased  to  a  minor  Thir- 
teenth, fare  still  worse,  on  account  of  the  increased  disturbance 
of  the  adjacent  intervals.  The  conclusions  here  drawn  from 
calculation  are  easily  confirmed  by  experiments  on  justly  intoned 
instruments.  That  they  are  also  attended  to  in  the  practice  of 
musical  composition,  notwithstanding  the  theoretical  assumption 
that  the  nature  of  a  chord  is  not  changed  by  altering  the  pitch  of 
any  one  of  its  constituents  by  whole  Octaves,  we  shall  see  further 
on,  when  considering  chords  and  their  inversions. 

It  has  already  been  mentioned  that  peculiarities  of  individual 
qualities  of  tone  may  have  considerable  effect  in  altering  the  order 
of  the  relative  harmoniousness  of  the  intervals.  The  quality  of 
tone  in  the  musical  instruments  now  in  use  has  been  of  course 
selected  and  altered  with  a  view  to  their  employment  in  harmonic 
combinations.  The  preceding  investigation  of  the  qualities  of 
tone  in  our  principal  musical  instruments  has  shewn  that  in  what 
are  considered  good  qualities  of  tone  the  Octave  and  Twelfth  of 
the  prime,  that  is  the  2nd  and  3rd  partial,  are  powerful,  the  4th 
and  5th  partial  have  only  moderate  strength,  and  the  higher  par- 
tials  rapidly  diminish  in  force.  Assuming  such  a  quality  of  tone, 
the  results  of  this  chapter  may  be  summed  up  as  follows. 

When  two  musical  tones  are  sounded  at  the  same  time,  their 

'  [The  interval  4  :  7  is  over  b'b  —  ;  the  interTal  6  :  7  is  tihe  *  col*  between /and  ^, 
and  the  interval  6  :  7  is  the  next '  col'  to  the  left  of  e'b . — Ihmslator.] 

'  [In  altering  the  German  names  Of  notes,  in  the  above  diagrams,  some  slight 
mistakes  in  the  original  lettering  have  been  corrected.  By  carrying  a  line  down  firom 
e'b  in  fig.  60  A,  it  will  be  seen  that  e'^b  belongs  to  the  little  depression  to  the  right  of 
the  flection  }  between  c"b-  and  e".  The  slight  depression  for  a"b  is  just  under 
the  fraction  'j"  to  the  left  of  a". — Translator.] 
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united  sound  is  generally  disturbed  by  the  beats  of  the  upper  par^ 
tials,  so  that  a  greater  or  less  part  of  the  whole  mass  of  sound  is 
broken  up  into  pulses  of  tone,  and  the  joint  efifect  is  rough.  This 
relation  is  called  Dissonance* 

But  there  are  certain  determinate  ratios  between  vibrational 
numbers,  for  which  this  rule  suffers  an  exception,  and  either  no 
beats  at  all  are  formed,  or  at  least  only  such  as  have  so  little  in- 
tensity that  they  produce  no  unpleasant  disturbance  of  the  united 
sound.     These  exceptional  cases  are  called  Consonances. 

1.  The  most  perfect  consonances  are  those  that  have  been  here 
called  absolutej  in  which  the  prime  tone  of  one  of  the  combined 
notes  coincides  with  some  partial  tone  of  the  other.  To  this  group 
belong  the  Octave,  Twelfth,  and  double  Octave. 

2.  Next  follow  the  Fifth  and  the  Fourth,  which  may  be  called 
perfect  consonances,  because  they  may  be  used  in  all  parts  of  the 
scale  without  any  important  disturbance  of  harmoniousness.  The 
Fourth  is  the  less  perfect  consonance  and  approaches  those  of  the 
next  group.  It  owes  its  superiority  in  musical  practice  simply  to 
its  being  the  defect  of  a  Fifth  &om  an  Octave,  a  circumstance  to 
which  we  shall  return  in  a  later  chapter. 

3.  The  next  group  consists  of  the  major  Sixth  and  the  major 
Third,  which  may  be  called  meddal  consonances.  The  old  writers 
on  harmony  considered  them  as  imperfect  consonances.  In  lower 
parts  of  the  scale  the  disturbance  of  the  harmoniousness  is  very 
sensible,  but  in  the  higher  positions  it  disappears,  because  the 
beats  are  too  rapid  to  be  sensible.  But  each,  in  good  musical 
qualities  of  tone  has  an  independent  character,  because  any  little 
defect  in  its  intonation  produces  sensible  beats  of  the  upper 
partials,  and  consequently  each  interval  is  clearly  separated  from 
all  adjacent  intervals. 

4.  The  imperfect  consonances,  consisting  of  the  minor  Third 
and  mmor  Sixth,  have  not  in  general  an  independent  character, 
because  in  good  musical  qualities  of  tone  the  partials  on  which  their 
definition  depends  are  often  not  found  for  the  minor  Third,  and 
are  generally  absent  for  the  minor  Sixth,  so  that  small  imperfec- 
tions in  the  intonation  of  these  intervals  do  not  necessarily  produce 
beats.^     They  are  all  less  suited  for  use  in  lower  parts  of  the  scale 

*  [It  must  be  recoUected  that  in  the  minor  Sixth  the  2nd  and  3rd  partials  are 
within  the  Semitone  15  :  16,  and  the  3rd  and  6th  vithin  the  Semitone  24  :  26  (vee  note 
p.  290),  and  that  the  resulting  beats,  which  in  good  qualities  of  tone  are  never  absent. 
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than  the  others,  and  they  owe  their  precedence  as  consonances  over 
many  other  intervals  which  lie  on  the  boundaries  of  consonance 
and  dissonance,  essentially  to  their  being  indispensable  in  the  for- 
mation of  chords  because  they  are  defects  of  the  major  Sixth  and 
nciajor  Third  from  the  Octave  or  Fifth,     The  subminor  Seventh 

4  r  7  is  very  often  more  harmonious  than  the  minor  Sixth  5  18, 
in  fact,  it  is  always  so  when  the  third  partial  tone  of  the  note 
is  strong  compared  with  the  second,  because  then  the  Fifth  has 
a  more  powerfully  disturbing  efifect  on  the  intervals  distant  from 
it  by  a  Semitone,  than  the  Octave  on  the  subminor  Seventh,  which 
is  rather  more  than  a  whole  Tone  removed  from  it,^  But  this 
subminor  Seventh  when  combined  with  other  consonances  in 
chords  produces  intervals  which  are  all  worse  than  itself,  as  6  !  7, 

5  I  7,  7  r  8,  &c.,  and  it  is  consequently  not  used  as  a  consonance 
in  modern  music.^ 

will  always  be  more  powerfiil  than  those  which  arise  from  small  errors  of  intonatioo, 
even  in  qualities  of  tone  in  which  an  8th  partial  is  well  developed. — IVarulator.] 

>  [Reverting  to  the  diagrams  before  given  (p.  200,  note),  we  may  compare  the 
effect  of  these  intervals  thus : 

CJb  6i       10,     16,       20^      25,    30,      35,    40,    46,       50„ 

f  Minor  Sixth  8|  16,      24,  32«  40,         48, 

C^b~  4i        8,     12,       I64      20,     24,      28,     32,    36,      40i, 

I  Subminor  Seventh  7i  14,  21,  284  35, 

Hence  for  the  minor  Sixth  the  chief  beats  arise  from  the  interval  16  :  16,  or  the  3rd 

partial  of  the  lower  and  2nd  of  the  upper  note,  that  is,  from  those  tones  which  would 

coincide  for  the  Fifth.    But  in  the  subminor  Seventh  the  chief  disturbance  is  from 

7:8,  or  the  prime  of  the  upper  and  2nd  partial  of  the  lower  note,  which  would 

coincide  for  the  Octavo.     The  beats  from  the  interval  12  :  14  or  6:7  are  hardly 

perceptible,  but  this  is  the  interval  which  replaces  the  15  :  16  in  the  minor  Sixth, 

being  due  to  those  upper  partials  which  would  have  coincided  for  the  Fifth. —  Ihtnt- 

lator.'\ 

«  [In  fig.  60  A  (p.  292),  the  bottom  of  the  valley  of  4  :  7  above  A'- ,  is  just  a  little 

lower  than  that  of  6  :  7,  between/'  and  y,  and  that  of  6  :  7,  which  with  that  of  7  :  8, 

lie  between  c'  and  e'b.    If  "ve  take  the  diagrams  for  these  intervals  we  have  : 

CEb-  6,       12,       18,       244       30,       36,       42,     48,       54,       60„ 

I  Subminor  Third  7,         14,       21,       28^       36,  42,  49,       56, 

CG\}-  5,       10,       15,       2O4       25,       30,       35,     40,       45,       50„ 

J  Subminor  Fifth  7,         14,       21,  28^  35,  42,       49, 


n 


CD+  7,       14,       21 3       284       35,       42,       49,     66^       63,       70„ 

Super-Second  8,         16,       24^       32,       40,      48,  56,  64, 


Thizteentik.  9i>  ^hai  i^  li:tT<e3'  is^errtl^s^ai^  fiur  kt$$  KjunwK^iNH^  ikMi 
the  sobmiDor  F€«it<e«efiilk  :i  :  7«  and  $:;;^l<nii««>r  IVttiK  3^  ^  7« 

The  Older  of  the  <»Kio«iaii>c«e$  bet^  piv^^siev)  i$  b«j^)  U(k>«i  ^ 
considentioii  of  the  hinnoiiiottaies^  iUT  e4Mih  iihtivi^hi^  int^>r\;iU 
indepeodentlT  oi  smj  ccoDectivO  with  other  iuter\^;ji)$^  ^nini  vsmi^^iv 
quently  without  smj  legari  to  keT«  sinJew  sukI  iiKHlublion^  Aluu^t 
all  writers  on  musical  theoiy  have  prv>pos^xi  ^milar  wixK^i^  t\\r  tht^ 
consonances,  agreeing  in  their  general  fiMt\ue$with  t\ftoh  ofh<^r«^iu) 
with  that  here  deduced  from  the  theoir  of  heat$«  Thu»  all  )mt  tht> 
Unison  and  Octave  first,  as  the  most  perfect  of  all  ww«i^uwuH>*  5 
and  next  in  order  comes  the  Fifth,  after  which  the  Fourth  i*  )vla\HH) 
by  those,  who  do  not  include  the  modulatioual  )m>|H>rtit'«i  of  tho 
Fourth,  but  restrict  their  observation  to  tlie  iudejH>udt\ut  ImnuouU 
ousness  of  the  interval.  There  is  great  diversity  in  tho  nrrau^yo* 
ment  of  the  Sixths  and  Thirds,  The  Greeks  aiul  Konuuis  did  not 
acknowledge  these  intervals  to  be  cousonaneos  at  lUU  )»eilui)iii 
because  in  the  unaccented  Octavo,  within  which  thrlr  n\\u(0| 
arranged  for  men's  voices,  usually  lay,  these  intcrvaln  rtmlly  iio\i)ul 
badly,  and  perhaps  because  their  ear  was  too  seniiitivo  to  c^iKhifo 
the  trifling  increase  of  roughness  geueratod  by  compotUKl  ioitnii 
when  sounded  together  in  Thirds  and  Sixths.  In  tlin  jirc^iiotit  onn- 
tury,  the  Archbishop  Chrysanthus  of  Dyrrhacluuni  doolaroN  tlmt 
modem  Greeks  have  no  pleasure  in  polyphonic  niUHic,  luut  (miunci- 
quently  he  disdains  to  enter  upon  it  in  Iiis  book  on  hhinIo,  and 
refers  those  who  are  curious  to  know  its  nilos,  to  i\u)  wrIilngN  of 

We  Bee  then  that  6  :  7  li  distorbed  by  a  continual  rfpeiitl'm  of  thU  Mninii  intertill 
amoDg  its  lower  paitialH,  and  also  by  tho  int^frral  2S  :  80w  14  :  lA  tritm  thn  41  )i  aimI 
Uk  partiaU,  and  by  35  ',  36  from  the  5th  and  6th  parliftlii,  and  on  hntkUiH  ni  Ujk 
dia^am,  fig.  60  A  (p.  292),  it  will  be  seen  tliat  of  thMii*  thrne  mmrrtm  tha  flrH  )« f'hUf« 
bvt  the  other  two  are  actire.  For  the  nubminor  Fifth  5  :  7  iht  urmi  diftf  tifbnni'*  )« 
from  14  :  15,  or  the  2nd  and  3rd  partial,  Vmt  there  in  al»o  an  a/rti^a  tmn  tnm  'Mi  ',  %\ 
er  file  4fh  and  3rd  partial,  and  thece  arr  almoftt  the  r/nly  ooe«  tu^^X  \n  t^.  t^i  A*  In 
the  S::pe»eeond  the  continual  repetitir/n  ttf  the  interral  7  :  H  yrtfltH'tm  lim  ehU4  tiMt 
Ua  40  :  42=^20  :  21,  from  the  5tb  and  6th  partial,  aUo  ytiAwM  mueh  «fa^«  «•  »fMnr« 
ta  the  fi^  60  k.^Tran»liitorJ\ 
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the  West.^     And  the  Arabs  are  of  the  same  opinion  according  to 
the  accounts  of  all  travellers. 

This  rule  remained  in  force  even  during  the  first  half  of  the 
middle  ages,  when  the  first  attempts  were  made  at  harmonies  for 
two  voices.  It  was  not  till  to¥rards  the  end  of  the  twelfth 
century  that  Franco  of  Cologne  included  the  Thirds  among  the 
consonances.     He  distinguishes : 

1.  Perfect  Consonances:  Unison  and  Octave. 

2.  Medial  Consonances :  Fifth  and  Fourth. 

3.  Imperfect  Consonances :  Major  and  minor  Thirds. 

4.  Imperfect  Dissonances :  Major  and  minor  Sixth. 

5.  Perfect  Dissonances:  Minor  Second,  augmented  Fourth, 
major  and  minor  Seventh.' 

It  was  not  till  the  thirteenth  and  fourteenth  centuries  that 
musicians  began  to  include  the  Sixths  among  the  consonances. 
Philipp  de  Vitry  and  Jean  de  Muris  •  mention  as  perfect  consonances 
the  Unison,  Octave,  and  Fifth ;  as  imperfect,  the  Thirds  and  Sixths. 
The  Fourth  has  been  cut  out.  The  first  author  opposes  the  major 
Third  and  nciajor  Sixth,  as  more  perfect,  to  the  minor  Third  and 
minor  Sixth.  The  same  order  is  foimd  in  the  DodecachxyrdUm 
of  Glareanus,  1557,  who  merely  added  the  intervals  increased  by 
an  Octave.  The  reason  why  the  Fourth  was  not  admitted  as  either 
a  perfect  or  an  imperfect  consonant,  must  be  looked  for  in  the 
rules  for  the  progression  of  parts.  Perfect  consonances  were  not 
allowed  to  follow  each  other  between  the  same  parts,  still  less  dis- 
sonances ;  but  imperfect  consonances,  as  the  Thirds  and  Sixths, 
were  permitted  to  do  so.  But  on  the  other  hand  the  perfect  conso- 
nances. Octaves,  and  Fifths  were  admitted  in  chords  on  which  the 
music  paused,  as  in  the  closing  chord.  Here,  however,  the  Fourth 
of  the  bass  could  not  occur.  Again  a  succession  of  Fourths  for  two 
voices  were  not  admitted,  as  the  Fourth  and  Fifth  lay  too  close. 
Hence  so  far  as  the  progression  of  parts  was  concerned,  the  Fourth 
shared  the  properties  of  dissonances,  and  it  was  at  once  placed 
among  them ;  it  would  have  been  better  to  have  placed  it  in 
an  intermediate  class  between  perfect  and  imperfect  consonances. 

'  %€mpifrriKh9  fiiy  rris  Movaueris  irapiL  XpvciyBw.  Ttpyiarp,  1832,  cited  by  Couste^ 
maker,  Hi8tx>ire  de  rharmonie,  p.  5. 

*  Gerbert, '  Scriptores  eccleaiastici  de  Musica  Sacra.'  Saint-Blaise,  1784,  voL  iii., 
p.  11.— Coussemaker, '  Histoire  de  rhanhonie,'  Paris,  1852,  p.  40. 

'  Coossemaker,  ibid.  p.  66  and  p.  68. 
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As  far  as  harmoniousness  is  concerned,  there  can  be  no  doubt  that 
for  most  qualities  of  tone,  the  Fourth  is  much  superior  to  the 
major  Third  and  major  Sixth,  and  beyond  all  doubt  better  than 
the  minor  Third  and  minor  Sixth.  But  the  Eleventh,  or  Fourth 
increased  by  an  Octave,  soimds  far  from  well  when  the  third  partial 
tone  is  in  any  degree  strong.* 

The  dispute  as  to  the  consonance  or  dissonance  of  the  Fourth 
has  been  continued  to  the  present  day.  As  late  as  1840,  in  Dehn's 
treatise  on  harmony,  we  find  it  asserted  that  the  Fourth  must  be 
treated  and  resolved  as  a  dissonance ;  but  Dehn  certainly  puts  a 
totally  different  interpretation  on  the  question  in  dispute  by  laying 
it  down  that  the  Fourth  of  any  bass  within  its  key  and  indepen- 
dently of  the  intervals  with  which  it  is  combined,  has  to  be  treated 
as  a  dissonance.^  Otherwise  it  has  been  the  constant  custom  in 
modem  music  to  allow  the  fundamental  bass  to  occur  as  the  Fourth 
of  the  dominant  in  conjunction  with  the  dominant  in  final  chords, 
and  it  was  long  so  used  in  these  chords,  even  before  Thirds  were 
allowed  in  them,  and  in  this  ¥ray  it  came  to  be  recognised  as  one  of 
the  superior  consonances. 

*  [Por  the  eleventh,  or  3  :  8,  gives 

3,         6,        8,         9.         12^        15.        I62        18,        21,        24.  and  24, 
and  hence  has  the  interval  8  :  9  between  the  prime  of  one  tone  and  the  3rd  pardal  of 
the  other.    If  the  5th  partial  is  tolerably  strong,  it  has  also  15  :  16  very  sensibly. — 
Dranslator.] 

*  [In  Mr.  W.  Chappeirs  '  History  of  Mosic,'  already  cited  (p.  151  note),  he  distin- 
guishes between  the  Fourth  in  general,  and  the  Fourth  of  the  tonic  in  the  scale.  *  We 
sacrifice  too  much  for  the  sake  of  making  one  extra  intf'rval  of  a  perfect  Fourth  from 
the  key-note  to  its  Fourth  above,  which  Nature  does  not  allow.  Her  perfect  Fourths 
are  from  the  Second  and  Fifth  of  the  key  upwards,  as  from  D  and  G  in  the  key  of  C — 
Vol.  i.  p.  238.  That  is  JD  to*  G,  and  G^  to  <;  are  perfect  Fourths,  but  C  to  ^  is  not. 
The  ratio  of  the  vibrational  numbers  is  the  same  in  each  case.  Suppose,  as  in  the 
key  of  Bb,  C  were  the  Second  of  the  key,  or  suppose,  as  in  the  key  of  F,  C  were  the 
Fifth  of  the  key,  then  the  identical  notes,  the  identical  interval  C  to  F,  which  was 
dissonant  in  the  key  of  C,  becomes  consonant.  It  is  evident  that  Mr.  ChappeU  is  not 
aligning  upon  a  physical  basis,  although  he  gives  as  his  reason  that  F  cannot  be 
obtained  as  an  harmonic  on  a  string  tuned  to  C  (p.  xiv.).  But  likewise  G  cannot  be 
obtained  on  a  string  tuned  to  D.  The  same  objection  should  apply  to  the  mi^or 
Siith  A  in  the  key  of  C,  but  I  do  not  find  that  he  has  raised  it.  On  p.  xiv.  he  also 
says :  *  Strike  C,  C,  F  on  the  pianoforte.  Now  take  away  the  lower  C,  and  substitute 
F  for  the  base.  That  is  what  other  people  [as  distinct  from  Dr.  Bumey]  call  concord, 
and  the  first  they  term  discord.'  It  is  evident  that  the  Fourth  is  thus  left  unchanged, 
but  the  Eleventh  is  altered  into  the  Octave,  which  accounts  for  everything.  The  very 
sensible  harshness  of  the  Eleventh,  which  is  here,  as  usually  in  musical  language,  not 
distinguished  from  the  Fourth,  may  have  acted  strongly  in  the  assignment  of  a  dis- 
sonant character  to  the  Fourth. — Tran^ator.] 
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CHAPTER  XI. 

BEATS   DUE   TO   COMBINATIONAL  TONES. 

When  two  or  more  compound  tones  are  somided  at  the  same  time 
beats  may  arise  from  the  combinational  as  well  as  from  the  har- 
monic upper  partial  tones.  In  Chapter  VII.  it  was  shewn  that  the 
loudest  combinational  tone  resulting  from  two  generating  tones  is 
that  corresponding  to  the  diflference  of  their  vibrational  numbers, 
or  the  dififerential  tone  of  the  first  order.  It  is  this  combinational 
tone,  therefore,  which  is  chiefly  efiTective  in  producing  beats.  Even 
this  loudest  combinational  tone  is  somewhat  weak,  unless  the 
generators  are  very  loud ;  the  differential  tones  of  higher  orders, 
and  the  sunmiational  tones  are  still  weaker.  Beats  due  to  such 
we^k  tones  as  those  last-mentioned  cannot  be  observed  unless  all 
other  beats  which  would  disturb  the  observer  are  absent,  as  in 
sounding  two  simple  tones,  which  are  entirely  free  from  upper 
partials.  On  the  other  hand  the  beats  of  the  first  differential  tones 
can  be  heard  very  well  at  the  same  time  as  those  due  to  the  har- 
monic upper  partials  of  compound  tones,  by  an  ear  accustomed  to 
hear  combinational  tones. 

The  differential  todies  of  the  first  order  alone,  and  indepen- 
dently of  the  combinational  tones  of  higher  orders,  are  capable  of 
causing  beats,  ( 1 )  when  two  compound  tones  sound  together,  (2) 
when  three  or  more  simple  or  compound  tones  sound  together.  On 
the  other  hand  beats  generated  by  combmationaZ  tones  of  higher 
orders  have  to  be  considered  when  two  simple  tones  sound 
together. 

We  commence  with  the  differential  tones  of  compound  tones. 
In  the  same  way  that  the  prime  tones  in  such  cases  develop  com- 
binational tones,  any  pair  of  upper  partials  of  the  two  compoimds 
will  also  develop  combinational  tones,  but  such  tones  will  diminish 
very  rapidly  in  intensity  as  the  upper  partials  become  weaker. 
When  one  or  more  of  these  combinational  tones  nearly  coincide 
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with  other  combinational  tones  or  the  primes  or  upper  partials 
the  generators,  beats  ensue.  Let  us  take  as  an  example  a  slight 
incorrectly  tuned  Fifth,  having  the  vibrational  numbers  200  a: 
301,  in  place  of  200  and  300,  as  in  a  justly  intoned  Fifth.  \ 
calculate  the  vibrational  numbers  of  the  upper  partials  by  mul^ 
plying  those  of  the  primes  by  1,  2,  3,  and  so  on.  We  find  t 
vibrational  numbers  of  the  differential  tones  of  the  first  order, 
subtracting  these  numbers  firom  each  other,  two  and  two.  T 
following  table  contains  in  the  first  horizontal  line  and  vertic 
eolimin  the  vibrational  numbers  of  the  several  partials  of  the  ti 
compound  tones,  and  in  their  intersections  the  differences  of  the 
numbers,  which  are  the  vibrational  numbers  of  the  different] 
tones  due  to  them. 


200 

400 

600 

S®''^  I     800 


«  ^  s 

|3lJ 


P^*^       U,000 


PartUlB  of  the  Fifth 

301 

602 

903 

101 
99 
299 
499 
699 

402 
202 
2 
198 
398 

703 
603 
303 
103 
97 

Combi- 
national 
Tones 

If  we  arrange   these   tones  by  pitch  we  find  the  followi: 
groups :  — 


07 

198 

299 

898 

600 

600 

99 

200 

301 

400 

602 

703 

101 

202 

803 

402 

103 

The  number  2  is  too  small  to  correspond  to  a  combination 
tone.  It  only  shews  the  number  of  beats  due  to  the  two  upp 
partials  600  and  602.  In  all  the  other  groups,  however,  tones  a 
found  whose  vibrational  numbers  differ  by  2,  4  or  6,  and  hen 
produce  respectively  2,  4,  and  6  beats  in  the  same  time  that  t 
two  first-named  partials  produce  2  beats.  The  two  strongest  coi 
binational  tones  are  101  and  99,  and  these  also  are  well  disti 
guished  from  the  rest  by  their  low  pitch. 

We  observe  in  this  example  that  the  slowest  beats  due  to  t 
combinational  tones  are  the  same  in  number  as  those  due  to  t 
upper  partials.     This  is  a  general  rule  and  applies  to  all  interva 

Further  it  is  easy  to  see  that  if  in  our  example  we  replao 
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200  and  301,  by  the  numbers  200  and  300  belonging  to  the  per- 
fect Fifth,  all  the  numbers  in  our  table  would  become  multiples  of 
100,  and  hence  all  the  different  combinational  and  upper  partial 
tones  which  now  beat  would  become  coincident  and  not  generate 
any  beats.  What  is  here  shewn  to  be  the  case  in  this  example  for 
the  Fifth  is  also  true  for  all  other  harmonic  intervals.^ 

The  first  dAfferential  tones  of  compounda  cannot  genenjJte 
beatSj  except  when  the  upper  particda  of  the  same  compounds 
generate  them,  and  the  rapidity  of  the  beats  is  the  same  vn  both 
cases,  supposing  that  the  series  of  upper  partials  is  complete.  Hence 
the  addition  of  combinational  tones  makes  no  essential  difference 
in  the  results  obtained  in  the  last  chapter  on  investigating  the 
beats  due  to  the  upper  partials  only.  There  can  be  only  a  slight 
increase  in  the  strength  of  the  beats. 

But  the  case  is  essentially  different  when  two  simple  tones  are 
sounded  together,  so  that  there  are  no  upper  partials  to  consider. 
If  combinational  tones  were  not  taken  into  accoimt,  two  simple 
tones,  as  those  of  timing-forks  or  stopped  organ  pipes,  could  not 
produce  beats  imless  they  were  very  nearly  of  the  same  pitch. 
These  beats  are  strong  when  their  interval  is  a  minor  or  major 
Second^  but  they  are  weak  for  a  Third  and  only  recognisable  in 
the  lower  parts  of  the  scale  (p.  260),  and  they  gradually  diminish  in 
distinctness  as  the  interval  increases,  without  shewing  any  special 
differences  for  the  harmonic  intervals  themselves.  For  any  larger 
interval  between  two  simple  tones  there  would  be  absolutely  no 
beats  at  all,  if  there  were  no  upper  partial  or  combinational  tones, 
and  hence  the  consonant  intervals  discovered  in  the  former  chapter 
would  be  in  no  respect  distinguished  from  adjacent  intervals ;  there 
would  in  fact  be  no  distinction  at  all  between  wide  consonant  inter- 
vals and  absolutely  dissonant  intervals. 

Now  such  wider  intervals  between  simple  tones  are  known  to 
produce  beats,  although  very  much  weaker  than  those  hitherto 
considered,  so  that  even  for  such  tones  there  is  a  difference  between 
consonances  and  dissonances,  although  it  is  very  much  more  im- 
perfect than  for  compound  tones.  And  these  facts  depend,  as 
Scheibler  shewed,^  on  the  combinational  tones  of  higher  orders. 

*  This  is  proved  mathematically  in  Appendix  No.  XVI. 

'  [*  The  physical  and  musical  Tonometer,  which  makes  evident  to  the  eye,  by 
means  of  the  pendnlnm,  the  absolute  yibrations  of  the  tones,  the  principal  kinds  of 
eombinational  tones,  &Dd  also  proves  th^  most  pieoise  exactness  of  equally  tempered 


31         mess  31EK  W  lltKUISULttRQtiCI  W$SB(  ^SM 


100  Tikaaaive;.  VddxKoi^r  /m^  Vma   i^r   tMft^   MM  >niWM|)r>^iivK 
Ihcve  K  mil  fizlBn&lnr  31  liaKTsn^r  ^^m^  VmA^  «)mI  W«m^  A  )^ 

crai  Car  sniple  I0»w^  W  i3ie  Kma^  |«MhK^  1^  lln^  tonwi»ts> 

For  tfe  Fiiik.  fht  first  \>t^lM'  \^  diiwNftlMil  tv^«N>«  v^  Knv^i^v^ 
nffices.  Tike  u  iaqpinli^  Flftk  villi  iW  mtii^  *K^  :  )0t  ^  ll#ll 
tbe  difiontKil  une  of  tlie  first  \Mtd«c  i$  lOK  m)ik4i  i»  h^  fJiMr  tilvMNi 
either  pnmuT  to  {-mMtrnti^  hMH^t^  Bat  it  fifMr«ii»  mi  iln|M^r<Wl 
Octave  with  the  t<A>e  iiXX  and.  «$  ju$l  ci^ihk  in  mk'^^  i^  \nm^  hiNitii 
eosoe.  Here  tkey  aie  produced  br  the  diAW^Nitiitl  t\m^  99  iiri»i^V)t 
from  the  tone  101  mkI  the  t^\ne  Mt\  luid  thi«  hviie  99  m«^kt«  t>«\\ 
beats  in  a  a  second  with  the  tone  lOK  The«^  KtMiU  th^n  m^Vi^  t\\ 
distinguish  the  impedect  from  the  justl;^  intoiHH)  Hft h  l^Yt^l  (u  \\\^ 
case  of  two  simple  tones.  The  number  of  thecie  boatu  tn  iiIik\  |vx||\^^)^v 
as  many  as  if  they  were  beats  due  to  the  upper  {Mjurttnl  tuni^  Hui 
to  observe  these  beats  the  two  primary  tone«  muni  Ito  \\\\\\\^  Hud 
the  ear  must  not  be  distracted  by  any  extraniHmii  notiHS  V\\\U^v 
fiBivourable  circumstances,  howover,  they  are  not  dtft)o\ilt  to  lumr»* 
For  an  imperfect  Fatirthj  having,  say,  thr  vihmiivtimt  n\tinlmiii 
300  and  401,  the  first  differential  tone  is  101  \  thin  wtth  tUo  (oim 
300  produces  the  differential  tone  109  of  ihn  iNH«utul  onli^ri  atut 
fliis  again  with  the  tone  401  the  difforcntial  Um^  VOy  (tf  ilio  Ihiht 
order,  and  this  makes  3  beats  with  the  differential  totio  1 1)|)  of  tlii^ 
second  order,  that  is,  precisely  as  many  beats  an  wotild  tmvi^  hpi^u 
generated  by  the  upper  partial  tones  1200  and  190A,  if  ihi^y  tilul 
existed.  These  beats  of  the  Fourth  are  vdry  wnak  i^vmi  whr^ti  i\m 
primary  tones  are  powerful.  Perfect  quiet  and  grnat  ait^nthrti  ar^ 
for  observing  them. 
The  beats  of  an  imperfect  major  Third  are  iiear(i#ily  r9*(HiKft\$h 


aathtfmatieal  cbordu,  ioTeotod  And  »«mit«d  }fy  ff^nfiAfi  HchMhUf,  »}llr  ttimin* 

vwr  'm  CrefekL'    (*  Der  phjfik«liMh«  find  mt»ti\)uiittmh^  TttfitnPMiM'/  Aw.)     MiMw, 

6.  If,  JSaAAa,  1SS4,  pp.  Till.  S0«  5  HtbogrAph^  iMm  {t^\M  S  tm  t)il#  Mi|r#),  nnh 

^rrnnsg  of  tooiog-forlu  and  watm.    A  mofit  fWihAiM^  phmyh\$^..    JhUt  *tfihh» 

(eoMMtiDg  of  6«5  Urge  taning^orfcn,  meh  0»A4(f.\f  i  f't^^miUfttn  tthntp^  ihnn  ihit 

in^  from  ^-2S4,  to  ^-612,  with  two  uddHiorwil  Mi«  Prr  /  ftfi^  <  Mh^  ^ 

all)  m  mm  made  by  Konig  is  Pmiii,  yrk^  7/)00  trun^tt  (f^,)r    'tfmuik/Ufr. ) 

V  ibii  p.  2\.'^Trtm0iMt&r,\ 
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able,  even  under  the  most  favourable  conditions.  If  we  take  as 
the  vibrational  numbers  of  the  primary  tones  400  and  501,  we 
have: 

501—400=101,  the  difiTerential  tone  of  the  first  order 
400  —  101  =  299,  „  „         „     second  „ 

501-299  =  202,  „  „         „      third     „ 

400—202  =  198,  „  „         „      fourth  „ 

The  tones  202  and  1 98  produce  4  beats.  Scheibler  succeeded  in 
coimting  these  beats  of  the  imperfect  major  Third.  I  have  myself 
believed  that  I  heard  them  imder  favourable  circumstances.  But 
in  any  case  they  are  so  difficult  to  perceive  that  they  are  not  of 
any  importance  in  distinguishing  consonance  from  dissonance.^ 

Hence  it  follows  that  two  simple  tones  making  various  intervals 
adjacent  to  the  major  Third  and  sounded  together  will  produce  a 
imiform  uninterrupted  mass  of  sound,  without  any  break  in  their 
harmoniousness,  provided  that  they  do  not  approach  a  Second  too 
closely  on  the  one  hand  or  a  Fourth  on  the  other.  My  own  experi- 
ments with  stopped  organ  pipes  justify  me  in  asserting  that  however 
much  this  conclusion  is  opposed  to  musical  dogmas,  it  is  borne  out 
by  the  fact,  provided  that  really  simple  tones  are  used  for  the  pur- 
pose. It  is  the  same  with  intervals  near  to  the  major  Sixth ;  these 
also  shew  no  difference  as  long  as  they  remain  sufficiently  far  from 
the  Fifth  and  Octave.  Hence  although  it  is  not  difficult  to  tune  per- 
fect major  and  minor  Thirds  on  the  harmonium  or  reed  pipes  or  on 
the  violin,  by  sounding  the  two  tones  together  and  trying  to  get 
rid  of  the  beats,  it  is  perfectly  impossible  to  do  so  on  stopped 
organ  pipes  or  tuning-forks  without  the  aid  of  other  intervals.  It 
will  appear  hereafter  that  the  use  of  more  than  two  tones  will 
allow  of  these  intervals  being  perfectly  tuned  even  for  simple 
tones. 

Intermediate  between  the  compound  tones  possessing  many 
powerful  upper  partials,  such  as  those  of  reed  pipes  and  violins, 
and  the  entirely  simple  tones  of  tuning-forks  and  stopped  organ 
pipes,  lie  those  compound  tones  in  which  only  the  lowest  of  the 
upper  partials  are  audible,  such  as  those  of  wide  open  organ  pipes  or 
the  human  voice  when  singing  some  of  the  obsciurer  vowels,  as  oo 
in  too.  For  these  the  partials  would  not  suffice  to  distinguish  all 
the  consonant  intervals,  but  the  addition  of  the  first  differential 
tones  renders  it  possible. 

'  [Scheibler,  ibid.  p.  26. — Translator.] 
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A.  Com/pouiid  Tones  consisting  of  the  prime  and  its  Octave. 
These  cannot  limit  Fifths  and  Fourths  by  beats  of  the  partials,  but 
are  able  to  do  so  by  those  of  the  first  differential  tones. 

a.  Fifth.  Let  the  vibrational  numbers  of  the  prime  tones  be 
200  and  301,  which  are  accompanied  by  their  Octaves  400  and  602 ; 
all  four  tones  are  then  too  &r  apart  to  beat.  But  the  differential 
tones 

301 -200=  101 
400-301=  99 

Difference     2 

give  two  beats*    The  number  of  these  beats  again  is  precisely  the 

same  as  if  they  had  been  produced  by  the  two  next  upper  partials. 

Namely 

2x301-3x200=2. 

b.  FouHh.  Let  the  vibrational  numbers  of  the  primes  be  300 

and  401,  and  of  the  first  upper  partials  600  and  802 ;  these  cannot 

produce  any  beats.     But  the  first  differential  tones  give  3  beats, 

thus: — 

600-401  =  199 

802-600=202 
Difference     3 

For  Thirds  it  would  be  necessary  to  take  differential  tones  of 
the  second  order  into  accoimt. 

B.  Compound  Tones  consisting  of  the  prims  and  Twelfth. 
Such  tones  are  produced  by  the  narrow  stopped  pipes  on  the  organ 
{Quintaten,  p.  50,  note).  These  are  related  in  the  same  way  as 
those  which  have  only  the  Octave. 

a.  Fifth.  Primes  200  and  301,  upper  partials  600  and  903. 
First  differential  tone 

903-600=303 
Fifth  =  301 

Number  of  beats     2 

b.  Fourth.  Primes  300  and  401,  upper  partials  900  and  1203. 

First  differential  tone 

1203-900=303 

Lower  prime =300 
Number  of  beats     3 
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Beats  of  the  Third  cannot  be  heard  except  by  the  help  of  the 
weak  second  differential  tones. 

C.  Compound  Tones  havmg  both  Octave  and  Twelfth  as 
audible  partiala.  Such  tones  are  produced  by  the  wide  (wooden) 
open  pipes  of  the  organ  {Prmcipalj  p.  141,  note).  The  beats  of 
the  upper  partials  here  suf&ce  to  limit  the  Fifths,  but  not  the 
Fourths.  The  Thirds  can  now  be  distinguished  by  means  of  the 
first  differential  tones. 

a.  Major  Third.  Primes  400  and  501,  ¥rith  the  Octaves  800 
and  1002,  and  Twelfths  1200  and  1503.     First  differential  tones 

1002-800=202 
1200-1002=188 


Number  of  beats    4 

b.  Mvnor  Third.  Primes  500  and  601,  Octaves  1000  and  1202, 
Twelfths  1500  and  1803.     Differential  tones 

1500-1202=298 
1803-1500  =  303 


Nimiber  of  beats     5 


c.  Major  Sixth.  Primes  300  and  501,  Octaves  600  and  1002, 
Twelfths  900  and  1503.     Differential  tones 


600-501=   99 
1002-900=102 


Number  of  beats     3 

In  fact  not  only  the  beats  of  imperfect  Fifths  and  Fourths, 
but  also  those  of  imperfect  major  and  minor  Thirds  are  easily 
heard  on  open  organ  pipes,  and  can  be  immediately  used  for  the 
purposes  of  tuning. 

Thus,  where  upper  partials,  owing  to  the  quality  of  tone,  do 
not  suffice,  the  combinational  tones  step  in  to  make  every  imper- 
fection in  the  consonant  intervals  of  the  Octave,  Fifth,  Fourth, 
major  Sixth,  major  and  minor  Third  immediately  sensible  by  means 
of  beats  and  roughness  in  the  combined  sound,  and  thus  to  distin- 
guish these  intervals  from  all  those  adjacent  to  them.  It  is  only 
perfectly  simple  tones  that  so  far  make  de&ult  in  determining  the 
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Thirds ;  and  for  them  also  the  beats  which  disturb  the  harmonious* 
ness  of  imperfect  Fifths  and  Fourths,  are  relatively  too  weak  to 
a£fect  the  ear  sensibly,  because  they  depend  on  differential  tones  of 
higher  orders.  In  reality,  as  I  have  already  mentioned,  two  stopped 
pipes,  giving  tones  which  lie  between  a  major  and  a  minor  Third 
apart,  will  give  just  as  good  a  consonance  as  if  the  interval'were 
exactly  either  a  major  or  a  minor  Third.  This  does  not  mean  that 
a  practised  musical  ear  would  not  find  such  an  interval  strange  and 
unusual,  and  hence  would  perhaps  call  it  false,  but  the  immediate 
impression  on  the  ear,  the  simple  perception  of  harmoniousness, 
considered  independently  of  any  musical  habits,  is  in  no  respect 
worse  than  for  one  of  the  perfect  intervals. 

Matters  are  very  different  when  more  than  two  simple  tones 
are  sounded  together.  We  have  seen  that  Octaves  are  precisely 
limited  even  for  simple  tones  by  the  beats  of  the  first  differential 
tone  witii  the  lower  primary.  Now  suppose  that  an  Octave  has 
been  tuned  perfectly,  and  that  then  a  third  tone  is  interposed  to 
act  as  a  Fifth  ;  then  if  the  Fifth  is  not  perfect,  beats  will  ensue  from 
the  first  differential  tone. 

Let  the  tones  forming  the  perfect  Octave  have  the  vibrational 
numbers  200  and  400,  and  let  that  of  the  imperfect  Fifth  be  301. 
The  differential  tones  are 

400-301=  99 
301-200=101 


Number  of  beats     2 

These  beats  of  the  Fifth  which  lies  between  two  Octaves  are 
much  more  audible  than  those  of  the  Fifth  alone  without  its  Octave. 
The  latter  depend  on  the  weak  differential  tones  of  the  second 
order,  the  former  on  those  of  the  first  order.  Hence  Scheibler 
some  time  ago  laid  down  the  rule  for  timing  timing-forks,  first  to 
tune  two  of  them  as  a  perfect  Octave,  and  then  to  sound  them  both 
at  once  with  the  Fifth,  in  order  to  tune  the  latter.  If  Fifth  and 
Octave  are    both   perfect,   they  also  give   together   the  perfect 

Fourth. 

Similarly,  when  two  simple  tones  have  been  tuned  to  be  a  per- 
fect Fifth,  and  we  interpose  a  new  tone  between  them  to  act  as  a 
major  Third.     Let  the  perfect  Fifth  have  the  vibrational  numbers 

X  2 
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400  and  600.     On  intercalating  the  impure  major  Third  with  the 
vibrational  number  501  in  lieu  of  500,  the  differential  tones  are 

600-501=  99 
501-400=101 


Number  of  beats     2 

The  major  Sixth  is  determined  by  combining  it  with  the  Fourth. 
Let  300  and  400  be  the  vibrational  numbers  of  a  perfect  Fourth, 
and  501  that  of  an  imperfect  major  Sixth.  The  differential  tones 
are 

501-400=101 

400-300=100 


Number  of  beats     1 

If  we  tried  to  intercalate  an  interval  between  the  tones  forming 
a  perfect  Third,  and  having  the  vibrational  numbers  300  and  400, 
it  could  only  be  the  subminor  Third  with  the  vibrational  number 
350.  Taking  it  imperfect  and  =351,  we  have  the  differential 
tones 

400-351  =  49 

351-300=51 

Number  of  beats     2 

These  intervals  8  :  7  and  7  :  6  are,  however,  too  close  to  be 
consonances,  and  hence  they  can  only  be  used  in  weak  discords 
(chord  of  the  dominant  Seventh.)* 

Collecting  the  results  of  our  investigations  upon  beats,  we  find 
that  when  two  or  more  simple  tones  are  soimded  at  the  same  time, 
they  cannot  go  on  soxmding  without  mutual  disturbance,  unless 
they  form  with  each  other  certain  perfectly  definite  intervals. 
When  these  intervals  exist,  and  there  is  no  disturbance  at  all,  the 
result  is  called  a  consonance.  When  these  intervals  do  not  exist, 
beats  arise,  that  is,  the  whole  compound  tones,  or  individual  partial 
and  combinational  tones  contained  in  them  or  resulting  from  them, 
alternately  reinforce  and  enfeeble  each  other.     The  tones  then  do 

"  [In  actual  practice,  for  the  chord  of  the  dominant  Seventh  the  interval  ia  4  :  7J 
the  interval  of  the  just  sub-minor  Seventh  4  :  7  not  being  used,  even  in  just  into- 
nation. — lYanslator,] 
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not  coexist  undisturbed  in  the  ear.  They  mutually  check  each 
other's  uniform  flow.     This  process  is  called  dissonance. 

Combinational  tones  are  the  most  general  cause  of  beats.  They 
are  the  sole  cause  of  beats  for  simple  tones  which  lie  as  much  as, 
or  more  than,  a  minor  Third  apart.  For  two  simple  tones  they 
suffice  to  determine  the  limit  of  the  Fifth,  perhaps  of  the  Fourth, 
but  certainly  not  of  the  Thirds  and  Sixths.  These,  however,  will 
have  their  limits  strictly  determined  when  the  major  Third  is 
added  to  the  Fifth  to  form  the  common  major  chord,  and  when 
the  Sixth  is  united  with  the  Fourth  to  form  the  chord  of  the 
Fourth  and  Sixth. 

Thirds,  however,  are  strictly  determined  in 'a  chord  of  two  com- 
pound tones,  each  consisting  of  a  prime  and  the  two  next  partial 
tones,  by  means  of  the  beats  of  imperfect  intervals.  The  beats 
of  such  intervals  increase  in  strength  and  distinctness,  with  the 
increase  in  number  and  strength  of  the  upper  partial  tones  in  the 
compounds.  By  this  means  the  difference  between  dissonance  and 
consonance,  and  of  perfectly  from  imperfectly  tuned  intervals, 
becomes  continually  more  marked  and  distinct,  increasing  the 
certainty  with  which  the  hearer  distinguishes  the  correct  intervals, 
and  adding  much  to  the  powerful  and  artistic  effect  of  successions 
of  chords.  Finally  when  the  high  upper  partials  are  relatively  too 
strong  (in  piercing  and  braying  qualities  of  tone)  each  separate 
tone  will  by  itself  generate  intermittent  sensations  of  tone,  and 
any  combination  of  two  or  more  compounds  of  this  description 
produces  a  sensible  harshness,  while  at  the  same  time  the  large 
number  of  partial  and  combinational  tones  renders  it  difficult  for 
the  hearer  to  follow  a  complicated  arrangement  of  parts  in  a  musi- 
cal compositioq. 

These  relations  are  of  the  utmost  importance  for  the  use  of 
different  instruments  in  the  different  kinds  of  musical  composition. 
The  considerations  which  determine  the  selection  of  the  proper 
instrument  for  an  entire  composition  or  for  individual  phrases  in 
movements  written  for  an  orchestra,  are  very  multi&rious.  First 
in  rank  stands  mobility  and  power  of  tone ;  on  which  there  is  no 
need  to  dwell.  The  bowed  instrument  and  piano  are  most  mobile, 
and  then  flutes  and  oboes.  To  these  are  opposed  the  trumpets  and 
trombones,  which  commence  sluggishly,  but  surpass  all  instruments 
in  power.  Another  essential  consideration  is  expressiveness,  which 
in  general  depends  on  the  power  of  producing  with  certainty  any 
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degree  of  rapid  alterations  in  loudness  at  the  pleasure  of  the 
player.  In  this  respect  also  bowed  instruments,  and  the  human 
voice,  are  pre-eminent.  Artificial  reed  instruments  both  wooden 
and  brazen,  cannot  diminish  their  power  much  without  stopping 
the  action  of  the  reeds.  Flutes  and  organ  pipes  cannot  alter  their 
tone  much  without  at  the  same  time  altering  their  pitch.  On  the 
pianoforte  the  strength  with  which  a  tone  commences  is  determined 
by  the  player,  but  not  its  duration ;  so  that  the  rhythm  can  be 
marked  delicately,  but  real  melodic  expression  is  wanting.  All 
these  points  in  the  use  of  the  above  instriunents  are  easy  to  observe 
and  have  long  been  known  and  allowed  for.  The  influence  of 
quality  proper  was  more  difficult  to  define.  Our  investigations, 
however,  on  the  composition  of  musical  tones  have  given  us  a 
means  of  taking  into  account  the  principal  differences  in  the  effect 
of  the  simultaneous  action  of  different  instruments  and  of  shewing 
how  the  problem  is  to  be  solved,  although  there  is  still  a  large 
field  left  for  a  searching  investigation  in  detail. 

Let  us  begin  with  the  simple  tones  of  wide  stopped  orgcm 
pipes.  In  themselves  they  are  very  soft  and  mild,  dull  in  the  low 
notes,  and  very  harmonious  in  the  upper.  They  are  quite  imsuited, 
however,  for  combinations  of  harmony  as  now  felt.  We  have  al- 
ready explained  that  simple  tones  of  this  kind  discriminate  only 
the  very  small  interval  of  a  Second  by  strong  beats.  Imperfect 
Octaves,  and  the  dissonant  intervals  in  the  neighbourhood  of  the 
Octave,  (the  Sevenths,  and  Ninths,)  beat  with  the  pombinational 
tones,  but  these  beat^  are  weak  in  comparison  with  those  due  to 
upper  partials.  The  beats  of  imperfect  Fifths  and  Fourths  are 
entirely  inaudible  except  under  the  most  £Ekvourable  conditions. 
Hence  in  general  the  impression  made  on  the  ear  by  any  dissonant 
interval  except  the  Second  differs  very  little  from  that  made  by 
consonances,  and  as  a  consequence  the  harmony  loses  its  character 
and  the  hearer  has  no  certainty  in  his  perception  of  the  difference 
of  interval.  If  polyphonic  compositions  containing  the  harshest 
and  most  venturesome  dissonances  are  played  upon  wide  stopped 
organ  pipes,  the  whole  is  uniformly  soft  and  harmonious,  and  for 
that  very  reason  also  indefinite,  wearisome  and  weak,  without 
character  or  energy.  Every  reader  that  has  an  opportunity  is 
requested  to  try  this  experiment.  There  is  no  better  proof  of  the 
important  part  which  upper  partial  tones  play  in  music,  than  the 
impression  produced  by  music  composed  of  simple  tones,  which  we 
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have  just  described.  Hence  the  wide  stopped  pipes  of  the  organ 
are  used  only  to  give  prominence  to  the  extreme  softness  and  har- 
moniousness  of  certain  phrases  in  contradistinction  to  the  harsher 
eflFect  of  other  stops,  or  else  in  connection  with  other  stops  to 
strengthen  their  prime  tones.  Next  to  the  wide  organ  pipes  as 
regards  quality  of  tone  stand  flutes  and  the  flute  pipes  on  organs 
(open  pipes,  blown  gently).  These  have  the  Octave  plainly  in 
addition  to  the  prime,  and  when  blown  more  strongly  even  pro- 
duce the  Twelfth.  In  this  case  the  Octaves  and  Fifths  are  more 
distinctly  limited  by  upper  partial  tones ;  but  the  definition  of 
Thirds  and  Sixths  has  to  depend  upon  combinational  tones,  and 
hence  is  much  less  distinct.  The  musical  character  of  these  pipes 
is  therefore  not  much  unlike  that  of  the  wide  stopped  pipes  already 
described.  This  is  well  expressed  by  the  old  joke  that  nothing  is 
more  dreadful  to  a  musical  ear  than  a  flute-concerto,  except  a 
concerto  for  two  flutes.'  But  in  connection  with  other  instruments 
which  give  effect  to  the  connection  of  the  harmony,  the  flute,  from 
the  perfect  softness  of  its  tone  and  its  great  mobility,  is  ei;traordi- 
narily  pleasant  and  attractive,  and  cannot  be  replaced  by  any 
other  instrument.  In  ancient  music  the  flute  played  a  much  more 
important  part  than  at  present,  and  this  seems  to  accord  with  the 
whole  ideal  of  classical  art,  which  aimed  at  keeping  every  thing 
unpleasant  from  its  productions,  confining  itself  to  pure  beauty, 
whereas  modem  art  requires  more  abundant  means  of  expression, 
and  consequently  to  a  certain  extent  admits  into  its  cirple  what  in 
itself  would  be  contrary  to  the  gratification  of  the  senses.  How- 
ever this  be,  the  earnest  friends  of  music,  even  in  classical  times, 
contended  for  the  harsher  tones  of  stringed  instnmients  in  opposi- 
tion to  the  effeminate  flute. 

The  open  organ  pipes  afford  a  favourable  means  of  meeting  the 
harmonic  requirements  of  polyphonic  music,  and  consequently 
form  the  principal  stx)p8.*  They  make  the  lower  partials  dis^. 
tinctly  audible,  the  wide  pipes  up  to  the  third,  the  narrow  ones 
{giegen  principal^)  u^  to  the  sixth  partial  tone.   The  wider  pipes 

*  [In  t^e  ori^nal, '  dass  eiDem  xnusikAlischen  Ohre  nichta  Bchrecklicher  lei  alfl  ein 
Flotenconcert,  auBgeDommeD  ein  Concert  Ton  zwei  Floten.'  The  pun  op  *  Concert*' 
flnt  as  a  concerto  or  peculiar  piece  of  mnsic  for  one  instrument,  and  secondly  as  a 
concert,  or  piece  of  music  for  several  instruments,  cannot  be  properly  rendered  in  the 
translation. — Translator.] 

?  [See  p.  141,  note.— Translator.]  •  [See  p.  91,  note.— T^Cfwtetor.J 
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have  more  power  of  tone  than  the  narrower ;  to  give  them  more 
brightness  the  8-foot  stops,  which  contains  the  *  principal  work,' 
is  connected  with  the  4-foot  stops,  which  add  the  Octave  to  each 
note,  or  the  principal  is  connected  with  the  giegen  principal^  so 
that  the  first  gives  power  and  the  second  brightness.  By  this 
means  qualities  of  tone  are  produced  which  contain  the  first  six 
partial  tones  in  moderate  force,  decreasing  as  the  pitch  ascends. 
These  give  a  very  distinct  feeling  for  the  purity  of  the  consonant 
intervals,  enabling  us  to  distinguish  clearly  between  consonance 
and  dissonance,  and  preventing  the  unavoidable  but  weak  disson- 
ances resulting  from  the  higher  upper  partials  in  the  imperfect 
consonances  from  becoming  too  marked,  but  at  the  si^me  time  not 
allowing  the  hearer's  appreciation  of  the  progression  of  the  parts 
to  be  disturbed  by  a  multitude  of  loud  accessory  tones.  In  this 
respect  the  organ  has  an  advantage  over  all  other  instruments,  as 
the  player  is  able  to  mix  and  alter  the  qualities  of  tone  at  pleasure, 
and  make  them  suitable  to  the  character  of  the  piece  he  has  to 
perform. 

The  narrow  stopped  pipes  {Quintateny  for  which  the  prime 
tone  is  accompanied  by  the  Twelfth,  the  reed-flute  (Rohrflotey 
where  the  third  and  fifth  partial  are  both  present,  the  conical 
open  pipes,  as  the  goat-horn  {Qemshom),^  which  reinforce  certain 
higher  partials  more  than  the  lower,  and  so  forth,  serve  only  to 
give  distinctive  qualities  of  tone  for  particular  parts,  and  thus  to 
separate  them  from  the  rest.  They  are  not  well  jadapted  for 
forming  the  chief  mass  of  the  harmony. 

Very  piercing  qualities  of  tone  are  produced  by  the  reed  pipes 
and  compound  stops  *  on  the  organ.  The  latter,  as  already  ex- 
plained, are  artificial  imitations  of  the  natural  composition  of  all 
musical  tones,  each  key  bringing  a  series  of  pipes  into  action, 
which  correspond  to  the  first  three  or  firajt  six  partial  tones  of  the 
corresponding  note.  They  can  be  used  only  to  accompany  con- 
gregational singing.  When  employed  alone  they  produce  insup- 
portable noise  and  horrible  confusion.  But  when  the  singing  of 
the  congregation  gives  overpowering  force  to  the  prime  tones  in 
the  notes  of  the  melody,  the  proper  relation  of  quality  of  tone  is 
restored,  and  the  result  is  a  powerful,  well-proportioned  mass  of 
soimd.     Without  the  assistance  of  these  compoimd  stops  it  would 

■  [See  p.  60,  not©.— TVafw/ator.]  *  [So*  p.  143,  note  3.— TVanafcUor.] 

•  [See  p.  142,  note  2.-^7Vanslator,]  *  [See  p.  ei.  note,— TVaiutotor.] 
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be  impossible  to  control  a  vast  body  of  sound  produced  by  un- 
practised voices,  such  as  we  hear  in  churches. 

The  human  voice  is  on  the  whole  not  unlike  the  organ  in 
quality,  so  far  as  harmony  is  concerned.  The  brighter  vowels,  of 
course,  generate  individual  high  partial  tones,  but  these  are  so  im- 
connected  from  the  rest  that  they  can  have  no  universal  and  essential 
effect  on  the  sound  of  the  chords.  For  this  we  must  look  to  the 
lower  partials  which  are  tolerably  uniform  for  all  vowels.  But  of 
course  in  particular  consonances  the  characteristic  tone  of  the 
vowels  may  play  an  important  part.  If,  for  example,  two  human 
voices  sing  the  major  Third  b\}  d!  on  the  vowel  a  in  fath&r^  the 
fourth  partial  of  b\}  (or  V^\}\  ajid  the  third  partial  of  df  (or  a''), 
£all  among  the  tones  characteristically  reinforced  by  A,  and  con- 
sequently the  imperfection  of  the  consonance  of  a  major  Third  will 
come  out  harshly  by  the  dissonance  a"  5''t>>  between  these  upper 
partials ;  whereas  if  the  vowel  be  changed  to  o  in  tio,  the  dissonance 
disappears.  On  the  other  hand  the  Fourth  h\}  e'\}  sounds  perfectly 
well  on  the  vowej  a  in  father^  because  the  higher  note  e'j?  has  the 
same  upper  partial  V'\}  as  the  deeper  6t>.  But  if  a  in  father  be 
inclined  towards  a  ixxfaU,  or  a  in  fat^  the  upper  partials/''  and 
if'\}  or  else  d'''  and  e^'^,  might  interrupt  the  consonance.  This 
serves  to  shew  among  other  things,  that  the  translation  of  the 
words  of  a  song  from  one  language  into  another  i»  not  by  any 
means  a  matter  of  indifference  for  its  musical  effect.^ 

Disregarding  then  these  reinforcements  of  partials  due  to  the 
characteristic  resonance  of  each  vowel,  the  musical  tones  of  the 
human  voice  are  on  the  whole  accompanied  by  the  lower  partials 
in  i^oderate  strength,  and  hence  are  well  adapted  for  combina^ 
tions  of  chords,  precisely  as  for  the  principal  stops  of  the  organ. 
Besides  this  the  human  voice  has  a  peculiar  advantage  over  the 
organ  and  all  other  musical  instruments  in  the  execution  of  poly- 

*  [Also,  it  shews  how  the  musical  effect  of  diflferent  stanzas  in  a  hallad,  though 
sung  to  the  same  written  nottfs,  will  vaiy  in  effect,  quite  independenUj  of  difference  of 
expression.  This  is  often  remarkable  on  the  closing  cadence  of  the  stanza.  As  the 
TOwel  changes  from  a  in  father^  to  a  in  mat ;  e  in  met^  or  t  in  sit,  or  again  to  o  in  not, 
u  in  ^ut,  and  u  in  put,  the  musical  result  is  totally  different,  though  the  pitch  remains 
unaltered.  To  shew  the  effect  of  the  different  vowels  throughout  a  piece  of  music, 
I  asked  a  set  of  about  8  Toices  to  sing,  before  about  200  others,  the  first  half  of  See 
ike  wnguering  hero  comes,  first  to  lah,  then  to  lee,  and  then  to  loo.  The  difference  of 
effect  was  almost  ludicrous.  Much  has  to  be  studied  in  the  relation  of  the  qualities 
of  rowels  to  the  effect  of  the  music  Jn  this  respect,  too,  the  fiich  chosen  for  tha 
tonic  will  be  found  of  great  importance. — TranekUor.] 
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phonic  music.  The  words  which  are  sung  connect  the  notes 
belonging  to  each  part,  and  form  a  clue  which  readily  guides  the 
hearer  to  discover  and  pursue  the  related  parts  of  the  whole  body 
of  sound.  Hence  polyphonic  music  and  the  whole  modem  system 
of  harmony  were  first  developed  for  the  human  voice.  Indeed, 
nothing  can  exceed  the  musical  effect  of  well  harmonised  part 
music  perfectly  executed  in  just  intonation  by  practised  voices. 
For  the  complete  harmoniousness  of  such  music  it  is  indispensably 
necessary  that  the  several  musical  intervals  should  be  justly  in- 
toned, and  our  present  singers  *  unfortunately  seldom  learn  to  take 
just  intervals,  because  they  are  accustomed  from  the  first  to  sing 
to  the  accompaniment  of  instruments  which  are  tuned  in  equal 
temperament,  and  hence  with  imperfect  consonances.  It  is  only 
such  singers  as  have  a  delicate  musical  feeling  of  their  own  who 
find  out  the  correct  result,  which  is  no  longer  taught  them. 

Richer  in  upper  partials,  and  consequently  brighter  in  tone 
than  the  human  voice  and  the  principal  stops  on  the  organ,  are 
the  bowed  TMetruments,  which  consequently  fill  such  an  important 
place  in  music.  Their  extraordinary  mobility  and  expressiveness 
give  them  the  first  place  in  instnunental  music,  and  the  mode- 
rate acuteness  of  their  quality  of  tone  assigns  them  an  inter- 
mediate position  between  the  softer  flutes  and  the  braying  brass 
instruments.  There  is  a  slight  difference  between  the  different 
instruments  of  this  class ;  the  tenor  and  double-bass  have  a  somewhat 
acuter  and  thinner  quality  than  the  violin  and  violoncello,  that  is, 
they  have  relatively  stronger  upper  partials.  The  audible  partials 
reach  to  the  sixth  or  eighth,  according  as  the  bow  is  brought 
nearer  the  finger-board  for  piano,  or  nearer  the  bridge  for  forte, 
and   they  decrease  regularly  in  force  as  they  ascend  in  pitch. 

>  [This  refers  to  Germany,  not  to  the  English  Tonic  Sol-faists,  nor  to  the  English 
madrigal  singers.  On  Dec.  27,  1869,  at  a  meeting  of  the  Tonic  Solfa  College  I  had 
an  unusual  opportunity  of  contrasting  the  effect  of  just  and  tempered  intonation  in 
the  singing  of  the  same  choir.  It  was  a  choir  of  about  60  mixed  Toices,  which  had 
gained  the  prize  at  the  International  Exhibition  at  Paris  in  1867,  and  had  been  kept 
well  together  ever  since.  After  singing  some  pieces  without  accompaniment,  and 
hence  in  the  just  intonation  to  which  the  singers  had  been  trained,  and  with  the  most 
delightful  effect  of  harmony,  they  sang  a  piece  with  a  pianoforte  accompaniment. 
Of  course  the  pianoforte  itself  was  inaudible  among  the  mass  of  sound  produced  by 
sixty  Toices.  But  it  had  the  effect  of  perverting  their  intonation,  and  the  whole 
charm  of  the  singing  was  at  once  destroyed.  There  was  nothing  left  but  the  eretyday 
singing  of  an  ordinary  choir.  The  disillusion  was  cqmple^  and  the  effect  most  un* 
■atisfactory  as  a  conclusion. — Translator,^ 


^ 


HcDoe  on  lKvw«d  inscmmflDts  ibe  difflpir^Kie  >^W'<'iii  <y^MK«Mi;rKy^ 
and  disonaDee  if  dearir  and  d»(tiiiccJT  Yimrked.  and  ttx^  tiMii^ 
for  t^  justsies  of  the  imexrals  t'cst  a^^sonrMl ;  iTid^^  it  i^  viAt^ 
rioDS  that  nracdsed  violm  and  Tioloncelk^  nUxt^i^  Ka\'t'  a  ^^f^cT 
delicate  ear  for  distangaishiiiir  diSerMM^asi  of  |^U^  i>ii  ttH"  v>t^^Kor 
band  the  piercing  charaerer  of  the  tASi^  is  ^  mark^k  tliat  ^hnA 
8(mg4ike  m^odies  are  not  well  fcaited  for  howM  itt«itmnK^%(^  aihl 
are  better  given  to  flutes  and  clarin«t$  in  tK^  orc)mtra%  F\iU 
chords  are  also  relatively  too  rongK  ^noe  iho^  npp^  fWitlmU 
which  form  dissonant  intervals  in  ex^jrr  oon^ionaxK*^  ait^  miM» 
ciently  strong  to  make  the  dissonance  ohtrom\>s  <«p<^^lly  tH\r 
Thirds  and  Sixths.  Moreover,  where  the  plajt^r  f^ivw*  himw^if 
not  to  play  the  pure  natural  intervals  which  the  ear  itH^uinns  t  ho 
imperfect  Thirds  and  Sixths  of  the  temper^  musical  nealf^  a^x^ 
very  perceptiUy  different  in  effect  from  the  jxistly  intoneit  ThitxU 
and  Sixths  on  bowed  instnmients*  Hence  in  compoi(it4o)iii  1x>r 
bowed  instrmnents^  slow  and  flowing  progrestiionii  of  ohonln  art^ 
introduced  by  way  of  exception  only,  becaxise  they  are  not  Ptifti- 
ciently  harmonious ;  quick  movementa  and  figtiren,  and  arpi^tf '*^ 
chords  are  preferred,  for  which  these  instrutnont^  ari^  exiroinnly 
well  adapted,  and  in  which  the  acute  and  pifircing  clmracti^r  of 
their  combined  sounds  qannot  be  so  distinctly  poronivedi 

The  beats  have  a  peculiar  character  in  the  cHUie  of  bow^d 
instruments^  Begular,  slow,  numerable  boats  seldom  ooouri  Thifi 
is  owing  to  the  minute  irregularities  in  the  action  of  the  tmw  on 
the  string,  already  described,  to  which  Is  due  the  well-known 
scraping  effect  so  often  heard.  Observations  on  the  vibratlonat 
figure  shewed  that  every  little  scrape  of  the  l>ow  causes  the  vll^m- 
tional  curve  to  jump  suddenly  backwards  or  forwards,  or  in  physieal 
terms,  causes  a  sudden  alteration  in  the  phase  of  vil;fation«  Ntm 
since  it  depends  solely  on  the  difference  of  pliase  whef.her  tw/i 
tones  which  are  sounded  at  the  same  time  fritttfiaily  ntiuf^mi*^  fff 
enfeeUe  each  other,  every  minfite«t  catch  iff  msf%\m  fft  iim  UfW 
win  also  affect  the  flow  of  the  beata,  and  wkeiy  two  Umm  ftt  ^im 
taoKr  pit^h  are  fbyed,  every  jtnonp  in  the  pbaiie  wif)  miltim  Up  pffp^ 
date  a  change  in  the  kpodn^aa,  jm^  m  if  irrivKnhuf  ^m$i0M  wmn 
eeenmo^  at  nofiXf^if^uA  ntfna^fUUi^  H^f^iMs^  0#e  1^^.  iftiAtmHmiiU$ 
9ad  tii«  b^  jilaT«!:n  are  n^icMsary  V/  yr^Awi^.  ^fw  ^t^M  M  %  tm^ 

Hut  TusuifMUk  wfcj  f^aerj^t  If^  }ji^mA  imtrmm^^^  ^f/it^m  ^fft^i^^^A 
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by  players  who  can  play  solo  pieces  pleasantly  enough,  sometimes 
sound  so  intolerably  rough  and  harsh  that  the  effect  bears  no 
proper  ratio  to  the  slight  roughness  which  each  individual  player 
produces  on  his  own  instrument.^  When  I  was  making  observa- 
tions on  vibrational  figures,  I  foimd  it  difficult  to  avoid  the  occur- 
rence of  one  or  two  jumps  in  the  figure  every  second.  Now  in 
solo-playing  the  tone  of  the  string  is  thus  interrupted  for  almost 
inappreciably  minute  instants,  which  the  hearer  scarcely  perceives, 
but  in  a  quartett  when  a  chord  is  played  for  which  all  the  notes 
have  a  common  upper  partial  tone,  there  would  be  firom  four  to 
eight  sudden  and  irregular  alterations  of  loudness  in  this  common 
tone  every  second,  and  this  could  not  pass  unobserved.  Hence 
for  good  combined  performance,  a  much  greater  evenness  of  tone 
is  required  than  for  solo-playing. 

The  pianoforte  takes  the  first  place  among  stringed  instru- 
ments for  which  the  strings  are  struck.  The  previous  analysis  of 
its  quality  shews  that  its  deeper  octaves  are  rich,  but  its  higher 
octaves  relatively  poor,  in  upper  partial  tones.  In  the  lower 
octaves,  the  second  or  third  partial  tone  is  often  as  loud  as  the 
prime,  nay,  the  second  partial  is  often  louder  than  the  prime. 
The  consequence  is  that  the  dissonances  near  the  Octave  (the 
Sevenths  and  Ninths)  are  almost  as  harsh  as  the  Seconds,  and  that 
diminished  and  augmented  Twelfths  and  Fifths  are  rather  rough. 
The  4th,  5th,  and  6th  partial  tones,  on  the  other  hand,  on  which 
the  Thirds  depend,  decrease  rapidly  in  loudness,  so  that  the  Thirds 
are  relatively  much  less  distinctly  limited  than  the  Octaves,  Fifths, 
and  Fourths.  This  last  circumstance  is  important,  because  it 
makes  the  sharp  Thirds  of  the  equal  temperament  much  more 
endurable  upon  the  piano  than  upon  other  instruments  with  a 
more  piercing  quality  of  tone,  whereas  the  Octaves,  Fifths,  and 
Fourths  are  quite  distinctly  and  surely  bounded.  Notwithstand- 
ing the  relatively  large  number  of  upper  partial  tones  on  the 
pianoforte,  the  impression  produced  by  dissonances  is  fer  from 
being  so  penetrating  as  on  instruments  of  long-sustained  tones. 

>  [To  myself,  one  of  the  principal  reasons  for  the  painfiil  effect  here  alluded  to, 
which  is  unfortunately  so  extremely  well  known,  is  the  iact  that  the  players  not 
haying  been  taught  the  nature  of  just  intonation,  do  not  accompodate  the  pitches  of 
the  notes  properly.  When  quartett  players  are  used  to  one  another  thpy  oyercome 
this  diflBculty.  If  their  music  could  be  previously  marked  in  a  way  which  will  be 
suggested  in  Appendix  XIX.  much  of  this  difficulty  might  be  ayoided  from  the  first. 
— 7VttiM/a<or.] 
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fn  the  piano  the  note  is  powerful  only  at  the  moment  when  it  Ib 
truck,  and  rapidly  decreases  in  strength,  so  that  the  heattf  which 
haracterise  the  dissonances  have  not  time  to  become  sennible; 
hey  do  not  even  begin  until  the  tone  is  greatly  diminished  in 
ntensity.  Hence  in  the  modem  music  written  for  the  pianoforte, 
ince  the  time  that  Beethoven  shewed  how  the  characteristic 
tecoliarities  of  the  instrument  were  to  be  utilised  in  compo- 
itions,  we  find  an  accumulation  and  reduplication  of  dissonant 
nteryab  which  would  be  perfectly  insupportable  on  other  instru* 
nents.  The  great  difference  becomes  very  evident  when  an  attempt 
s  made  to  play  recent  compositions  for  the  piano  on  the  harmonium 
XT  organ. 

That  instrument-makers,  led  solely  by  practised  ears,  and  not 
3j  any  theory,  should  have  found  it  most  advantageoos  to  arrange 
ifae  striking  place  of  the  hammer  so  that  the  seventh  partial  Ume 
aitirdy  disappears,  and  the  sixth  is  weak  although  actually  pre- 
leat,  is  mani&stly  connected  with  the  structure  of  our  system  of 
Bodeal  tones.  The  fifth  and  sixth  partial  tonei  serve  to  ddioe 
the  minor  Third,  and  in  this  way  almost  all  the  iotervals  treated 
m  eofosaoMnees  in  modem  music  are  determined  on  the  piano  by 
■wmridpnt  upper  partiab ;  the  Octave,  Fifth,  and  Fourth,  by  rdik- 
thclT  Imd  tones ;  the  major  Sixth  and  major  Third  by  w«ak  one* ; 
ad  die  minor  Third  by  the  weakest  of  alL  If  the  seventb  partial 
tee  wept  abo  present,  the  subminor  *  Seweath  4:7  would  injure 
be  iKBOfuooBKS  of  the  minoT  Sixth,  the  Snbfiftfa  5:7  thai  of 
Ae  Tith  aiul  Fourth,  and  the  nbminor  Tfaifd  9  ;  7  that  of  the 
■iMT  TLiri,  without  any  gain  in  the  nureaeeoiaiedeternkiitttiob 
if  mew  bkzemth  loitable  ^>r  mtMieal  porpoiies. 

MesckxL  hai  ^Inadj  l^xn  made  of  a  fiortber  peemliarity  in  tb^ 
<i3f  cnsaHtT  ^  ume  rMk  the  fsaaoforue,  nanM^y  tioA  iU 
vfxots  asT'^  fenrer  azsd  w«ak«r  t^f^r  fttrtial  VAKsf  tkn  tfc^ 

IW  k^ESL  :b:o!s  ar»:  iss3aZrr  ^j^  hk  trmiiaa^kkm  wiA  mmnk 

Ae  foCdT-r-u.  Vin^p»i^  'i^Li*:  'juff  ami  OMfe  «Bfym&i  n/v  ^^pv  <r  n&3P!i<r 
DkOKiss^  lorir  itaisitid  '>:irj»:r  i^*g  T^tsri  aoii  Fifii  ^vf  ^ine  ».imi 
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consonances  and  dissonances  with  it,  without  any  necessity  for 
using  the  upper  partials  of  the  treble  note.  Hence  the  only  effect 
of  upper  partials  on  the  highest  notes  of  the  pianoforte  would  be 
to  give  them  shrillness,  without  any  gain  in  respect  to  musical 
definition.  In  actual  practice  the  construction  of  the  hammers  on 
good  instruments  causes  the  notes  of  the  highest  Octaves  to  be 
only  gently  accompanied  by  their  second  partials.  This  makes 
them  mild  and  pleasant,  with  a  flutelike  tone.  Some  instrument- 
makers,  however,  prefer  to  make  these  notes  shrill  and  piercing, 
like  the  piccolo  flute,  by  trsmsferring  the  striking  place  to  the 
very  end  of  the  highest  strings.  This  contrivance  succeeds  in 
increasing  the  force  of  the  upper  partial  tones,  but  gives  a  quality 
of  tone  to  these  strings  which  does  not  suit  the  character  of  the 
others,  and  hence  certainly  detracts  from  their  charm. 

In  many  other  instruments,  where  their  construction  does  not 
admit  of  such  absolute  control  over  the  quality  of  tone  as  on  the 
pianoforte,  attempts  have  been  made  to  produce  similar  varieties 
of  quality  in  the  high  notes,  by  other  means.  In  the  bowed 
instruments  this  purpose  is  served  by  the  resonance  box,  the  proper 
tones  of  which  lie  within  the  deepest  Octaves  of  the  scale  of  the 
instrument.  Since  the  partial  tones  of  the  resonant  strings  are 
reinforced  in  proportion  to  their  proximity  to  the  partial  tones  of 
the  resonance  box,  this  resonance  will  assist  the  prime  tones  of  the 
higher  notes  as  contrasted  with  their  upper  partials,  much  more 
than  it  will  do  so  for  the  deep  notes.  On  the  contrary  the  deepest 
notes  of  the  violin  will  have  not  only  their  prime  tones,  but  also 
their  Octaves  and  Fifths  favoured  by  the  resonance ;  for  the  deeper 
proper  tone  of  the  resonance  box  lies  between  the  prime  and  second 
partial,  and  its  higher  proper  tone  between  the  second  and  third 
partials.  A  similar  effect  is  attained  in  the  compound  stops  of 
the  organ,  by  making  the  series  of  upper  partial  tones,  which  are 
represented  by  distinct  pipes,  less  extensive  for  the  higher  than  for 
the  lower  notes  in  the  stop.  Thus  each  digital  opens  six  pipes  for 
the  lower  octaves,  answering  to  the  first  six  partial  tones  of  its 
note ;  but  in  the  two  upper  octaves,  the  digital  opens  only  three  or 
even  two  pipes,  which  give  the  Octave  and  Twelfth,  or  merely 
the  Octave,  in  addition  to  the  prime. 

There  is  also  a  somewhat  similar  relation  in  the  hiunan  voice, 
although  it  varies  much  for  the  different  vowels.  On  comparing 
the  higher  and  lower  notes  which  are  sung  to  the  same  vowel,  it 
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will  be  tofond  that  the  lesoDance  of  the  cavity  of  the  mouth  gone* 
lally  ieiiifi»ce8  relatiyely  high  upper  paitials  of  the  deep  notes  of 
the  baas,  whereas  for  the  soprano,  where  the  note  sung  comes  ne^r 
to  the  characteristic  pitch  of  the  vowel,  or  even  exceeds  it,  aU  the 
f^per  partials  become  much  weaker.  Hence  in  genend,  at  least 
for  the  open  vowels,  the  audible  upper  partials  of  the  bass  are  much 
more  numerous  than  those  of  the  sc^rano. 

We  have  still  to  consider  the  artificial  reed  instruments,  that 
is  the  wvnd  inatrumenia  of  wood  arhd  brass.  Among  the  former 
the  clarinet,  among  the  latter  the  French  horn  are  distinguished 
for  the  softness  of  their  tones,  whereas  the  bassoon  and  hautbois  in 
the  first  class,  and  the  trombone  and  trumpet  in  the  second  repre- 
sent  the  most  penetrating  qualities  of  tone  used  in  music. 

Notwithstanding  that  the  keyed  horns  used  for  so-called  con- 
certed music  have  a  &r  less  braying  €[uality  of  tone  than  trumpets 
proper,  which  have  no  side  holes,  yet  the  number  and  foroe  of  their 
upper  partial  tones  is  &r  too  great  for  the  harmonious  effect  of  the 
less  perfect  consonances,  and  the  chords  on  these  instruments  are 
very  noisy  and  harsh,  so  that  they  are  only  endurable  in  the  open 
air.  In  artistic  orchestral  music,  therefore,  trumpets  and  trom- 
bones, which  on  account  of  their  penetrative  power  cannot  be  dis- 
pensed with,  are  seldom  employed  for  harmonies,  except  for  a 
few  and  if  possible  perfect  consonances. 

The  darmet  is  distinguished  from  all  other  orchestral  wind 
instruments  by  having  no  evenly  nimibered  partial  tones.  To  this 
circumstance  must  be  due  many  remarkable  deviations  in  the  effect 
of  its  chords  from  those  of  other  instruments.  When  two  clarinets 
are  playing  together  all  of  its  consonant  intervals  will  be  defined 
by  combinational  tones  alone,  except  the  major  Sixth  3  I  5,  and 
the  Twelfth  1  I  3.  But  the  differential  tones  of  the  first  order, 
which  are  the  strongest  among  all  combinational  tones,  will  always 
suffice  to  produce  the  beats  of  imperfect  consonances.  Hence  it 
follows  that  in  general  the  consonances  of  two  clarinets  have  but 
little  definition,  and  must  be  proportionately  agreeable.  This 
is  really  the  case,  except  for  the  minor  Sixth,  and  siibrolnor 
Seventh,  which  are  too  near  the  major  Sixth,  and  for  the  Eleventh 
and  minor  Thirteenth,  which  are  too  near  the  Twelfth.  On  the 
other  hand,  when  a  clarinet  is  played  in  combination  with  a 
violin  or  oboe,  the  majority  of  consonances  will  have  a  perceptibly 
different  effect  according  as  the  clarinet  takes  the  upper  or  the 
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lower  note  of  the  chord.  Thus  the  major  Third  d'  f'%  will  sound 
better  when  the  clarinet  takes  d!  and  the  oboe  f%  so  that  the  fifth 
partial  of  the  clarinet  coincides  with  the  fourth  of  the  oboe.  The 
3rd  and  4th  and  the  5th  and  6th  partials,  which  are  so  disturbing 
in  the  major  Third,^  cannot  here  be  heard,  because  the  4th  and  6th 
partials  do  not  exist  on  the  clarinet.  But  if  the  oboe  takes  A'  and 
the  clarinet /^^  the  coincident  fourth  partial  will  be  absent,  and 
the  disturbing  third  and  fifth  present.  For  the  same  reason  it 
follows  that  the  Fourth  and  minor  Third  will  sound  better  when  the 
clarinet  takes  the  upper  tone.  I  have  made  experiments  of  this 
kind  with  the  clarinet  and  a  bright  stop  of  the  harmonium,  which 
possessed  the  evenly  numbered  partial  tones,  and  was  tuned  in  just 
intonation  and  not  in  equal  temperament.  When  &[>  was  played 
on  the  clarinet,  and  e^t>9  ^^  ^^b^  ^  succession  on  the  harmonium, 
the  major  Third  h\}  d'  soimded  better  than  the  Fourth  V0  ^t>,  and 
much  better  than  the  minor  Third  h\}  d'\}.  If,  retaining  h\^  on 
the  clarinet,  I  played  /,  g\^^  g  in  succession  on  the  harmonium,  the 
major  Third  g\^  h\^  was  rougher,  not  merely  than  the  Fourth  /  6t>, 
but  even  than  the  minor  Third  g  5[>. 

This  example,  to  which  I  was  led  by  purely  theoretical  con- 
siderations that  were  immediately  confirmed  by  experiment,  will 
serve  to  shew  how  the  use  of  exceptional  qualities  of  tone  will 
affect  the  order  of  agreeableness  of  the  consonances  which  was 
settled  for  those  usually  heard. 

Enough  has  been  said  to  shew  the  readiness  with  which  we  can 
now  account  for  numerous  peculiarities  in  the  effects  of  playing 
different  musical  instruments  in  combination.  Further  details  are 
rendered  impossible  by  the  want  of  sufficient  preliminary  investi- 
gations, especially  into  the  exact  differences  of  various  qualities  of 
tone.  But  in  any  case  it  would  lead  us  too  far  from  our  main 
purpose  to  pmrsue  a  subject  which  has  rather  a  technical  than  a 
general  interest. 

*  [See  table  on  p.  290,  note.^7Van«{a/or.] 
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CHAPTER  XII. 

CHOBDS. 

Wb  have  hitherto  examined  the  eflFect  of  sounding  together  only 
two  tones  which  form  a  determinate  interval.  It  is  now  easy  to 
discover  what  will  happen  when  more  than  two  tones  are  com- 
bined. The  simultaneous  production  of  more  than  two  separate 
compound  tones  is  called  a  chord.  We  will  first  examine  the  har- 
moniousness  of  chords  in  the  same  sense  as  we  examined  the 
harmoniousness  of  any  two  tones  soimded  together.  That  is,  we 
shall  in  this  section  deal  exclusively  with  the  isolated  eflFect  of  the 
chord  in  question,  quite  independently  of  any  musical  connection, 
mode,  key,  modulation,  and  so  on.  The  first  problem  is  to  deter* 
mine  under  what  conditions  chorda  are  consonant^  in  which  case 
they  are  termed  concords.  Concords  of  three  tones  are  readily 
found  by  taking  two  consonant  intervals  to  any  one  fundament^ 
tone  as  c,  and  then  seeing  whether  the  new  third  interval  between 
the  two  new  tones,  which  is  thus  produced,  is  also  consonant.  If  this 
is  the  case  each  one  of  the  three  tones  forms  a  consonant  interval 
with  each  one  of  the  other  two,  and  the  chord  is  consonant,  or  is  a 
concord. 

Let  us  confine  ourselves  in  the  first  place  to  intervals  which  are 
less  than  an  Octave.  The  consonant  intervals  within  these  limits, 
we  have  foimd  to  be:  1)  the  Fifth  c  flr.  A;  2)  the  Fourth  c  /,  J; 
3)  the  major  Sixth  c  a,  f ;  4)  the  major  Third  c  e,^;  5)  the 
minor  Third  c  elt>y  ^i  6)  the  minor  Sixth  c  ab,  f ;  to  which  we 
may  add  7)  the  subminor  or  natural  Seventh  c  5l>,  |^,*  which 
approaches  to  the  minor  Sixth  in  harmoniousness.  The  following 
table  (p.  322)  gives  a  general  view  of  the  chords  contained  within 
an  Octave.     The  chord  is  supposed  to  consist  of  the  fundamental 

'  [The  miiras  sign  is  supposed  to  shew  that  intenral  is  less  than  that  on  the  proper 
scale.  The  yibrational  nnmber  of  6b ,  the  Fifth  below  /  in  the  scale,  is  to  that  of 
this  6b  ',  as  64  :  SZ.^Trandaiar.] 

Y 


322 


CQNGOBDa 


PabtIL 


tone  (7,  some  one  tone  of  the  first  horizontal  line,  and  some  one 
tone  of  the  first  vertical  column.  Where  the  line  and  column 
corresponding  to  these  two  selected  tones  intersect,  is  the  name  of 
the  interval  which  these  two  latter  tones  form  with  each  other. 
This  name  is  printed  in  italics  when  the  interval  is  conaonantj  and 
in  Boman  letters  when  dissonant,  so  that  the  eye  sees  at  a  glance 
what  concords  are  thus  produced. 
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From  this  it  follows  that  the  only  consonant  triads  or  chords 
of  three  notes,  that  can  possibly  exist  within  the  compass  of  an 
Octave  are  the  following : — 


I)    G  E    0 
3)    G  F    A 

5)    C  E\>  A\> 


2)    C  E\>  0 

4)     G  F    A\> 
6)    C  E    A.' 


*  [The  reader  ought  to  hear  the  whole  set  of  triads  that  could  be  formed  from 
the  table,  at  least  all  exclusive  of  those  formed  by  the  last  line.  The  ordinary  toning 
of  the  harmonium,  organ,  and  piano  does  not  permit  this.    In  Chapter  XYL  and 
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The  two  first  of  these  triads  are  considered  in  musical  theory 
as  the  fundamental  triads  from  which  all  others  are  deduced. 
They  may  each  be  regarded  as  composed  of  two  Thirds,  one  major 
and  the  other  minor,  superimposed  in  different  orders.  The  chord 
C  E  Oyva  which  the  major  Third  is  below,  and  the  minor  above,  is 
a  major  triad.  It  is  distinguished  from  all  other  major  triads  by 
having  its  tones  in  the  closest  position,  that  is,  forming  the  smallest 
intervals  with  each  other.  It  is  hence  considered  as  the  fwndon 
menial  chord  or  basis  of  all  other  major  chords.  The  triad  C  B^  Oj 
which  has  the  minor  Third  below,  and  the  major  above,  is  the 
fuvdammUcd  chord  of  all  minor  triads. 

The  next  two  chords,  C  F  A  and  C  F  A\^^  are  termed,  from  their 
composition,  chorda  of  the  Fourth  and  Sixth,  \jD  io  F  being  a 
Fourth,  and  G  to  A  k  major,  but  (7  to  ^[>  a  minor  Sixth].  If  we 
take  0^  instead  of  C  for  the  fundamental  or  bass  tone,  these  chords 
of  the  Fourth  and  Sixth  become  0^  C  E  and  0^  C  E\}.  Hence  we 
may  conceive  them  as  having  been  formed  from  the  fundamental 
major  and  minor  triads  CEO  and  C  ih  ff ,  by  transposing  the 
Fifth  0  an  Octave  lower,  when  it  becomes  0^ 

The  two  last  chords,  C  E\}  A\}  and  G  E  A,  are  termed  chords  of 
tjie  Third  and  Sixth,  or  simply  chords  of  the  Sixth,  [C  to  E  being 
a  major,  but  G  to  E\}  a  minor  third  ;  and  G  to  A  a,  major,  but  C 
to  A\}  a  minor  Sixth].  If  we  take  E  as  the  bass  note  of  the  first, 
and  E\}  as  that  of  the  second,  they  become  E  0  c,  E\>  0  c,  respec- 
tively. Hence  they  may  be  considered  as  the  transpositions  or 
inversions  of  a  fundamental  major  and  a  fundamental  minor  chord, 
C  E  G,  C  E\^  6,  in  which  the  bass  note  G  is  transposed  an  Octave 
higher  and  becomes  c. 

Collecting  these  inversions,  the  six  consonant  triads  will  assume 

Appendix  XVII.  there  will  be  fouxid  a  description  of  an  harmonium  with  jnst  in- 
tonation. Bnt  for  merely  experimental  purposes,  a  means  of  tuning^  an  ordinary  five- 
octaye  harmonium,  and  an  English  concertina  (either  of  which  can  be  obtained  for  a 
few  pounds),  so  as  to  give  all  the  theoretical  forms  of  the  migor  and  minor  chords  in 
just  intonation,  wiU  be  added  in  App.  XIX.  Sect  G.  1,2.  AU  who  wish  to  have  an 
aural  acquaintance  with  such  chords  (without  which  much  of  the  text  will  be  scarcely 
more  than  words)  are  strongly  recommended  to  avail  themselves  of  one  or  the  other 
of  these  simple  instruments.  No  instruments  are  better  suited  for  distinguishing 
harshly  between  just  and  tempered  intonation.  Pianofortes  and  monochords  are 
practically  useless  for  such  purposes.  On  the  experimental  harmonium  these  chords 
can  be  idayfd  as  in  the  text.  On  the  justly  intoned  concertina  the  contrast  of  major 
and  minor  cannot  be  attained,  unless  the  chords  are  replaced  by  1)  tf  g't  V%  2)  if  g'h'\ 
3)  •  a'  c"5  ,  4)  «'  a'  c";   6)  «'  ^  c",  6)  e'/«  c"« .— 7Vtiw/ator.] 

Y  2 
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the  following  form  [the  numbers  shewing  their  correspondence 
with  the  forms  on  p.  322]  : — 

\)    C  E  0  2)    C  Et>  0 

5)         E  0  c  Q)  '     W!>  0  c 

3)  0  c  e  4)  G  c  eb 

We  must  observe  that  although  the  natural  or  sub-minor 
seventh  Bt>  —  forms  a  good  consonance  with  the  bass  note  C,  a 
consonance  which  is  indeed  rather  superior  than  inferior  to  the 
ininor  Sixth  C  A]^^  yet  it  never  forms  part  of  any  triad,  because  it 
would  make  worse  consonances  with  all  the  other  intervals  conso- 
nant  to  C  than  it  does  with  G  itself.  The  best  triads  which  it  can 
produce  are  C  E  B\}  —  and  C  0  B\}  — .  In  the  first  of  these  the 
interval  E  B\}  —  occurs  between  the  Fourth  and  Fifth,  in  the 
latter  the  subminor  Third  G  B\}  — .*  On  the  other  hand  the  minor 
Sixth  makes  a  perfect  Fourth  with  the  minor  Third,  so  that  this 
minor  Sixth  is  the  worst  interval  in  the  chords  of  the  Third  and 
Sixth,  and  of  the  Fourth  and  Sixth,  for  which  reason  these  triads 
can  still  be  considered  as  consonant.  This  is  the  reason  why  the 
natural  or  subminor  Seventh  is  never  used  as  a  consonance  in 
harmony,  whereas  the  minor  Sixth  can  be  employed,  although, 
considered  independently,  it  is  not  more  harmonious  than  the  sub- 
minor  Seventh. 

The  triad  C  E  A\}\  to  which  we  shall  return,  is  very  instructive 
for  the  theory  of  music.  It  must  be  considered  as  a  dissonance, 
because  it  contains  the  diminished  Fourth  E  A\>,  having  the  vibra- 
tional ratio  f|-.  Now  this  diminished  Fourth  E  A\}  is  so  nearly 
the  same  as  a  major  Third  E  (?#,  that  on  our  keyed  instruments, 
the  organ  and  pianoforte,  the  two  intervals  are  not  distinguished. 
We  have  in  fitct 

or,  approximatively 

(E  A\>)  =  {E  (?»).  if 

'  [Although  the  experimental  harmonium  of  Appendix  XIX.  does  not  contain 
«ny  Bub-minor  Seventh,  yet  if  in  place  of  C  EB\>  —  and  C  CBb  - ,  we  play  2>b  F  B, 
and  Db  A  B,  bs  there  intoned,  we  shall,  as  will  appear  hereafter,  approximate  yeiy 
closely  to  the  desired  effect — Translator.] 

'  [On  the  justly  intoned  concertina  of  Appendix  XIX.,  this  triad  must  be  studied 
9M  e'g'U  c",  where  e' ff'tt  ia  the  major  Third,  and  ^J  c"the  diminished  Fourth.— 
IVmislator:\ 
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On  the  pianoforte  it  would  seem  as  if  this  triad,  which  for  pi 
tical  purposes  may  be  written  either  G  E  A\}  or  C  E  G'Jp,  must 
consonant,  since  each  one  of  its  tones  forms  with  each  of  the  otl 
an  interval  which  is  considered  as  consonant  on  the  piano,  and 
this  chord  is  one  of  the  harshest  dissonances,  as  all  musicians 
agreed,  and  as  any  one  can  convince  himself  immediately.  0 
justly  intoned  instrument  the  interval  E  A\}  is  immediately 
cognised  as  dissonant.^  This  chord  is  well  adapted  for  shew 
that  the  original  meaning  of  the  intervals  asserts  itself  even  w 
the  imperfect  tuning  of  the  piano,  and  determines  the  judgm 
of  the  ear. 

The  harmonious  effect  of  the  various  inversions  of  triads  alrei 
found  depends  in  the  first  place  upon  the  greater  or  less  perfect 
of  the  consonance  of  the  several  intervals  they  contain.  We  h; 
found  that  the  Fourth  is  less  agreeable  than  the  Fifth,  and  t! 
minor  are  less  agreeable  than  major  Thirds  and  Sixths.  Now 
triad 

C  E  G  has  a  Fifth,  a  major  Third,  and  a  minor  Third 
EG  C  jj  a,  Fourth,  a  minor  Third,  and  a  minor  Sixth 
G  C    E    jj    sl  Fourth,  a  major  Third,  and  a  major  Sixth 

C  E\^  G  „  a  Fifth,  a  minor  Third,  and  a  major  Third 
E\}  G  G  ,j  a  Fourth,  a  major  Third,  and  a  major  Sixth 
6  C  ^    „    a  Fourth,  a  minor  Third,  and  a  minor  Sixth 

For  just  intervals  the  Thirds  and  Sixths  decidedly  disturb 
general  harmoniousness  more  than  the  Fourths,  and  hence 
major  chords  of  the  Fourth  and  Sixth  are  more  harmonious  t] 
those  in  the  fundamental  position,  and  these  again  than  the  cho 
of  the  Third  and  Sixth.  On  the  other  hand  the  minor  chords  of 
Third  and  Sixth  are  more  agreeable  than  those  in  the  fundamei 
position,  and  these  again  are  better  than  the  minor  chords  of 
Fourth  and  Sixth.     This  conclusion  will  be  found  perfectly  con 
for  the  middle  parts  of  the  scale,  provided  the  intervals  are 
justly  intoned.*     The  chords  must  be  struck  separately,  and 

'  [When  the  interval  yU  c"  is  played  alone  on  the  jnstJy  intoned  ooncertiD 
Appendix  XDC,  it  will  be  found  yery  harsh,  but  the  hanhness  is  much  increase 
taking  it  an  Octaye  lower  as  gt  &,  On  the  other  hand  e'^S  is  perfectly  agreei 
but  if  c'  is  added,  sacf  ^  ff^t,  fonning  a  second  nujor  Third,  the  pffect  is  Tery  d 
nant. — TransUUorJ] 

*  [On  the  ezperimental  harmonium  of  Appendix  XIX.  all  the  inrenions  in 
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If  the  three  intervals  of  the  triad  were  consonant  before,  they  will 
remain  so  after  transposition.  We  have  already  seen  how  the 
chords  of  the  Third  and  Sixth,  and  of  the  Fourth  and  Sixth  were 
thus  obtained  from  the  fundamental  form.  It  follows  furtiier  that 
when  larger  intervals  are  admitted,  no  consonant  triads  can  exist, 
which  are  not  generated  by  the  transposition  of  the  major  and 
minor  triads.  Of  course  if  such  other  chords  could  exist,  we 
should  be  aUe  by  transposition  of  their  tones  to  bring  them  within 
the  compass  of  an  Octave,  and  we  should  thus  obtain  a  new  conso- 
nant triad  within  this  compass,  whereas  our  method  of  discovering 
consonant  triads  enabled  us  to  determine  every  one  that  could  lie 
within  that  compass.  It  is  certainly  true  that  slightly  dissonant 
chords  which  lie  within  the  compass  of  an  Octave  are  sometimes 
rendered  smoother  by  transposing  one  of  their  tones.  Thus  the 
chord  I  I  i  I  i^or  C,  JE|>  — ,  B|>  — ,  is  slightly  dissonant  in  con- 
sequence of  the  interval  1  I  -}- ;  the  interval  1  :  -|^,  or  sub-minor 
Seventh,  does  not  sound  worse  than  the  minor  Sixth  ;  the  interval 
•{•  I  -1^  is  a  perfect  Fifth.  Now  transposing  the  tone  E\^  — ^  an  Octave 
higher  to  e[>  — ,  and  thus  transforming  the  chord  into  1  I  i  I  i,we 
obtain  1  :  ^  in  place  of  1  I  ^,  and  this  is  much  smoother,  indeed 
it  is  better  than  the  minor  Tenth  of  our  minor  scale  1  C  y ,  and  a 
chord  thus  composed,  which  I  have  had  carefully  tuned  on  the 
harmonium,  although  its  unusual  intervals  produced  a  strange  effect, 
is  not  rougher  in  sound  than  the  worst  minor  chord,  that  of  the 
Fourth  and  Sixth.  This  chord,  C,  B\}  — ,  e[>  — ,  is  also  much  injured 
by  the  unsuitable  combinational  tones  G^  and  F.  Of  course  it  would 
not  be  worth  while  to  introduce  such  strange  tones  as  B\}  — j  e[>  — j 
into  the  scale  for  the  sake  of  a  chord  which  in  itself  is  not  superior 
to  the  worst  of  our  present  consonant  chords,  and  for  which  the  tones 
could  not  be  transposed  without  greatly  deteriorating  its  effect. 

The  transposition  of  tones  in  a  consonant  triad,  for  the  purpose 
of  widening  their  intervals,  affects  their  harmoniousness  in  the  first 
place  by  changing  the  intervals.  Major  Tenths,  as  we  found  in  the 
last  chapter,  sound  better  than  major  Thirds,  but  minor  Tenths 
worse  than  minor  Thirds,  the  major  and  minor  Thirteenth  worse 
than  the  minor  Sixth.  The  following  rule  embraces  all  the  cases : 
Tlioae  vntervala  in  which  the  sTnaller  of  the  two  numbers  eoh 
pressing  the  ratios  of  the  vibrational  numbers  is  even,  are 
IMFBOVED  by  having  one  of  their  tones  transposed  by  an  Octave^ 
because  the  numbers  e^pr^sing  the  ratio  ^re  thus  diminished. 


■\ 
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Hm  F^  .2:8  beoomw  the  2We{^  .        .    2:6-1:8 

Th6  mt^or  Third   .4:6  „  Mq/or  Tmtk  .    4  :  10  »  2  :  6 

The  M^-MMor  J%ird  6:7  „  mb-mmor  TmtA  6  :  14  -  8  I  7. 


Those  inftUrvols  in  which  the  amcUler  of  the  two  nurribera  ex-- 
pressing  the  ratio  of  the  vOrational  numbers  is  odd,  are  madb 
WOBSB  by  having  one  of  their  tones  transposed  by  an  Octave^  as 
the  Fourth  3  :  4  [which  becomes  the  Eleventh  3  :  8],  the  minor 
Third  5  :  6  [which  becomes  the  minor  Tenth  5:12],  and  the  Sixths 
3  :  5  and  5  :  8  [which  become  the  Thirteenths,  major  3  :  10  and 
minor  5  *.  16]. 

Besides  this  the  principal  combinational  Tones  are  of  essential 
importance.  An  example  of  the  first  combinational  tones  of  the 
consonant  intervals  within  the  compass  of  an  Octave  is  given  below, 
the  primary  tones  being  represented  by  minims  and  the  combi- 
national tones  by  crot<^hets,  as  before* 


i 


9J 


^ 


r 


p 


Z7 


f 


:SF 


t 


pm 


i 


m 


i 


i7Thixd.2Ui. 


m 


trnasfAim    OetaT*,  Doable  OcteTe.  Fifth.  Twelfth,     Fomth.  Etorenth.  MsJ.Thixd.  MAj.l>Bnth. 
Raho.         1:3  1:4  3:t       l:t         9:4       t:8  4:ft  3:ft 

1  S  ;  9  1  ft  1  t 


UrcMRTAim  mnorThiid.  lOnflr  Tenth.  XaJ.  Sixth.  XaJ.  Thirteenth,   liln.8i9ith,  Mia.  Thirteenth. 
Ratio.       6:6  ft:ia  8:5  t:10  6:8  ft:  16 

17  9  7  I  11 


The  sign  x  is  here  used  to  denote  a  degree  of  sharpening  of 
rather  less  than  h0.1f  f^  Tone ;  and  b'\^  ff'\^  followed  by  a  line  — 
are  the  sub-minor  Sevenths  of  c  and  f?    Below  the  notes  are 


I  [The  intervale  to/US  :  4or24  :  32;  the  intervale  to/ x,  here  meant,  is  24  :  38, 
•0  that  the  interval/to/y  \b  9?  :  Z^,  wh|c)i  is  flajtter  MiftA  )uif  a  Toimb  or  16  *•  16,  bj 
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added  the  names  of  the  intervals,  the  numbers  of  the  ratios,  and 
the  diflference  of  those  nmnbers,  giving  the  vibrational  nmnber  of 
the  combinational  tones. 

We  find  in  the  first  place  that  the  combinational  tones  of  the 
Octave^  Fifth,  Twelfth^  Fourth,  and  major  Third  are  merely  trans- 
positions of  one  of  the  primary  tones  by  one  or  more  Octaves,  and 
hence  introduce  no  foreign  tone.  Hence  these  five  intervals  can  be 
used  in  all  kinds  of  consonant  triads,  without  disturbing  the  effect 
by  the  combinational  tones  which  they  introduce.  In  this  respect 
the  major  Third  is  really  superior  to  the  major  Sixth  and  the 
Twelfth  in  the  construction  of  chords,  although  its  independent 
harmoniousness  is  inferior  to  that  of  either. 

The  double  Octave  introduces  the  Fifth  as  a  combinational 
tone.  Hence  if  the  fundamental  tone  of  a  chord  is  doubled  by 
means  of  the  double  Octave,  the  chord  is  not  injured*  But  injury 
would  ensue  if  the  Third  or  Fifth  of  the  chord  were  doubled  in 
the  double  Octave. 

Then  we  have  a  series  of  intervals  which  are  m^ule  into  com- 
plete major  triads  by  means  of  their  combinational  tones,  and 
hence  produce  no  disturbance  in  major  chords,  but  are  injurious  to 
minor  chords.  These  are  the  Eleventh,  minor  Third,  major  Tenth, 
major  Sixth,  and  minor  Sixth. 

But  the  minor  Tenth,  and  the  major  and  minor  Thirteenth 
cannot  form  part  of  a  chord  without  injuring  its  consonance  by 
their  combinational  tones. 

We  proceed  to  apply  these  considerations  to  the  construction 
of  triads. 

1.   Major  Triads. 

Major  triads  can  be  so  arranged  that  the  combinational  tones 
remain  parts  of  the  chord.  This  gives  the  most  perfectly  harmo- 
nious positions  of  these  chords.  To  find  them,  remember  that  no 
minor  Tenths  or  minor  Thirteenths  are  admissible,  so  that  all 
minor  Thirds  and  Sixths  must  be  in  their  closest  position.  By 
taking  as  the  uppermost  .tone  first  the  Third,  then  the  Fifth,  and 
lastly  the  fundamental  tone,  we  find  the  following  positions  of 
these  chords,  within  a  compass  of  two  octaves,  in  which  the  combi-r 

ihe  smaU  interval  495  :  512,  because  i|=H^lfS-  ^  ^®  ^^®  ^'^  to  be  the  Fifth 
below/",  and  «^b  to  be  the  Fifth  below  6'b ,  jbhese  would  each  have  to  be  flatt^nM  b^ 
tke  interval  68  :  64  to  reduce  Uiem  to  those  in  the  ezample.-i>- 7Va;r«2a<ar.] 


.Chap.  XIL 


TRANSPOSITION  OF  CHORDS. 


333 


national  tones  (here  written  as  crotchets  as  usual)  do  not  distiurb 
the  harmony. 

The  moat  Perfect  PosUiana  of  Major  Triads. 


When  the  Third  lies  uppermost,  the  Fifth  must  not  be  more 
than  a  major  Sixth  below,  as  otherwise  a  Thirteenth  would  be 
generated.  But  the  fundamental  tone  can  be  transposed.  Hence 
when  the  Third  is  uppermost  there  are  only  two  positions,  1  and  2, 
which  are  undisturbed.  When  the  Fifth  lies  uppermost,  the  Third 
must  be  immediately  under  it,  or  otherwise  a  minor  Thirteenth 
would  be  produced  ;  but  the  fundamental  tone  may  be  transposed. 
Finally,  when  the  fundamental  tone  is  uppermost,  the  major  Third 
can  lie  only  in  the  position  of  a  minor  Sixth  below  it,  but  the 
Fifth  may  be  placed  at  pleasure.  Hence  it  follows  that  the  only 
possible  positions  of  the  major  chord  which  will  be  entirely  free 
from  disturbance  by  combinational  tones,  are  the  six  here  pre- 
sented, among  which  we  find  the  three  doae  positions  2,  4,  6 
already  mentioned,  and  three  new  ones  1,  3,  5.  Of  these  new 
positions  two  (1,  3)  have  the  fundamental  tone  in  the  bass,  just  as 
in  the  primary  form,  and  are  considered  as  open  positions  of  that 
form,  while  the  third  (5)  has  the  Fifth  in  the  bass,  just  as  in  the 
chord  of  the  Fourth  and  Sixth  [of  which  it  is  also  considered  as  an 
open  position].  The  chord  of  the  Third  and  Sixth  (6),  on  the 
other  hand,  admits  of  no  opener  position. 

The  order  of  these  chords  in  respect  to  harmoniousness  of  the 
intervals  is,  perhaps,  the  same  as  that  presented  above.  The  three 
intervals  of  1  (the  Fifth,  major  Tenth,  and  major  Sixth)  are  the 
best,  and  those  of  6  (the  Fourth,  minor  Third,  and  minor  Sixth) 
are  relatively  the  most  unfavourable  of  the  intervals  that  occur  in 
these  chords. 

The  remaining  positions  of  the  major  triads  present  individual 
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imsaitable  combinational  tones,  and  on  justly  intoned  instruments 
are  unmistakably  rougher  than  those  previously  considered,  but 
this  does  not  make  them  dissonant,  it  merely  puts  them  in  the 
same  category  as  minor  chords.  We  obtain  all  of  them  which  lie 
within  the  compass  of  two  Octaves,  by  making  the  transpositions 
forbidden  in  the  last  cases.  They  are  as  follows,  in  the  same  order 
as  before,  7  being  made  from  1,  and  so  on : — 

The  less  Perfect  Positions  of  Major  Triads. 
7  8  9  10  11  12 


Musicians  will  immediately  perceive  that  these  positions  of  the 
major  triad  are  much  less  in  use.  The  combinational  tone  V\}  — , 
gives  the  positions  7  to  10  something  of  the  character  of  the  chord 
of  the  dominant  Seventh  in  the  key  of  F  major,  c  e  g  h\}.  The 
two  last,  11  and  12,  are  much  the  least  pleasing ;  indeed  they  are 
decidedly  rougher  than  the  better  positions  of  the  minor  chord.^ 


^ 


2.  MiNOB  Triads. 

No  minor  chord  can  be  obtained  perfectly  free  from  &lse  com- 
binational tones,  because  its  Third  can  never  be  so  placed  relatively 
to  the  fimdamental  tone,  as  not  to  produce  a  combinational  tone 
unsuitable  to  the  minor  chord.  If  only  one  such  tone  is  admitted, 
the  Third  and  Fifth  of  the  minor  chord  must  lie  close  together 

>  AU  the  above  12  chords  can  be  played  either  on  the  experimental  haxmoninm 
or  concertina  of  Appendix  XIX.  But  for  the  latter,  in  order  especiaUy  to  compare 
them  with  the  positiona  of  the  minor  triad  subsequently  given,  it  is  advisable  to  play 
them  also  from  the  triad  e'y'S  V^  when  they  will  assume  the  following  forms,  on 
taking  the  lowest  available  positions : — The  following  bracketed  numbers  refer  to  the 
corresponding  forms  of  the  minor  chords  given  on  p.  336,  note. 


1) 
2) 


6) 


ff  g%  1/  [2 
b  g%  e"[12 
gib    e     [1] 


1)    b  e    ft  [10 

8)  b  e"  g"U  [11 

9)  f  g'Ub^'      [9] 


10)  gl     e  V 

11)  gt     b  e" 

12)  gt     hr^ 

— Thmsiatar, 
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ftod  form  a  major  Third,  because  in  any  other  position  they  would 
produce  an  unsuitable  combinational  tone.  The  fundamental  tone 
and  the  Fifth  must  never  form  an  Eleventh,  because  in  that  case 
the  resulting  combinational  tone  would  make  them  into  a  major 
triad.  These  conditions  can  be  fulfilled  by  only  three  positions  of 
the  minor  chord,  as  follows : — 

The  most  Perfect  Posituma  of  the  Minor  ZWod. 

12  8 


The  remaining  positions  which  do  not  sound  so  well  are  :«- 

The  less  Perfect  Positions  of  the  Minor  Triad. 
4  6  6        7        8  9  10  11 


The  positions  4  to  10  each  produce  two  unsuitable  combina^ 
tional  tones,  one  of  which  necessarily  results  &om  the  fundamental 
tone  and  its  third ;  the  other  results  in  4  from  the  Eleventh  0  (7, 
and  in  the  rest  from  the  transposed  major  Third  E\^  0.  The  two 
last  positions,  11  and  12,  are  the  worst  of  all,  because  they  give  rise 
to  three  unsuitable  combinational  tones.^ 

The  influence  of  the  combinational  tones  may  be  recognised  by 
Comparing  the  different  positions.     Thus  the  position  3,  vrith  a 

*  [On  the  experimental  barmonimn  of  Appendix  XIX.  these  chorcU  maybe  played 
as  written ;  but  on  the  jnst  concertina  there  named  they  shonld  be  taken  from  the 
minor  triad  egh,  which  will  allow  of  their  being  immediately  contrasted  with  the 
examples  on  p.  334,  note.    They  wiU  then  be  as  follows,  the  first  numbers  shewing 
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minor  Tenth  and  major  Third,  sounds  mimistakably  better  than 
the  position  7,  with  major  Tenth  and  major  Sixth,  although  the 
two  latter  intervals  when  struck  separately  sound  better  than  the 
two  first.  The  inferior  effect  of  chord  7  is  consequently  solely  due 
to  the  second  unsuitable  combinational  tone. 

This  influence  of  bad  combinational  tones  is  also  apparent  from 
a  comparison  with  the  major  chords.  On  comparing  the  minor 
chords  1  to  3,  each  of  which  has  only  one  bad  combinational  tone, 
with  the  major  chords  11  and  12,  each  of  which  has  two  such 
tones,  those  minor  chords  will  be  found  really  pleasanter  and 
smoother  than  the  major.  Hence  in  these  two  classes  of  chords  it 
is  not  the  major  and  minor  Third,  nor  the  musical  mode,  which 
decides  the  degree  of  harmoniousness,  it  is  wholly  and  solely  the 
combinational  tones. 

Four  Pari  Chorda  or  Tetrads, 

It  is  easily  seen  that  all  consonant  tetrads  must  be  either 
major  or  minor  triads  to  which  the  Octave  of  one  of  the  tones 
has  been  added.  Every  consonant  tetrad  will  be  changed  into 
a  consonant  triad  by  removing  one  of  its  tones.  Now  this  can 
be  done  in  four  ways,  so  that,  for  example,  the  tetrad  C  E  0  c 
gives  the  four  following  triads  : — 

C  E  Q,        G  E  c,        E  G  Cj        G  G  c. 

Any  such  triad,  if  it  is  not  merely  a  dyad,  or  interval  of  two 
tones,  with  the  Octave  of  one  added,  must  be  either  a  major  or  a 
minor  triad,  because  there  are  no  other  consonant  triads.  But  the 
only  way  of  adding  a  fourth  tone  to  a  major  or  minor  triad,  on 
condition  that  the  result  should  be  consonant,  is  to  add  the  Octave 
of  one  of  its  tones.  For  every  such  triad  contains  two  tones,  say 
G  and  G,  which  form  either  a  direct  or  transposed  Fifth.  Now 
the  only  tones  which  can  be  combined  with  G  and  &  so  as  to  form 
a  consonance  are  E  and  E\^  ;  there  are  no  others  at  all.  But  ^and 
E\^  cannot  be  both  present  in  the  same  consonant  chord,  and  hence 

the  order  as  in  the  text,  and  the  bracketed  numbers  after  each  chord  referring  to  the 
corresponding  form  of  the  major  chord  in  the  note  cited. 


g  h  e 
tf  f  v  [z 


6 


4)  gh  d'  [111 
6)  a  V  ^'  [12' 
6)    6^/     [2: 


7)    g   e^  h'  [10 


8)  tf  V  g"    [1]     11)    h  tf'  &' 

9)  ff  g'  I/'    [9]     12)    b  ^  e" 


10)    h  e  f 


The  ooutrast  of  the  order  of  hanQonionsness  is  thus  seen  to  be  very  great. — Trandator.^ 
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every  consonant  chord  of  four  or  more  parts,  which  contains  C  and 
0,  must  either  contain  E  and  the  Octaves  of  (7,  Ej  0^  or  else  E\^ 
and  the  Octaves  of  C7,  £[>,  0. 

Every  consonant  chm'd  of  three  or  more  parte  wiU  therefore 
he  either  a  major  or  a  minor  chord,  and  may  be  formed  from 
the  fundamental  position  of  the  major  and  minor  triad,  by  trans- 
posing or  adding  the  Octaves  of  some  or  all  of  its  three  tones. 

To  obtain  the  perfectly  harmonious  positions  of  majcnr  tetrads^ 
\fe  have  again  to  be  careful  that  no  minor  Tenths  or  minor  Thir- 
teenths occur.  Hence  the  Fifth  may  not  stand  more  than  a 
minor  Third  above,  or  a  Sixth  below  the  Third  of  the  chord  ;  and 
the  fundamental  tone  must  not  be  more  than  a  Sixth  above  the 
Third.  When  these  rules  are  carried  out,  the  avoidance  of  the 
minor  Thirteenths  is  effected  by  not  taking  the  double  Octave  of 
the  Third  and  Fifth,  These  rules  may  be  briefly  enimciated  as 
follows:  Those  major  chords  are  most  harmonious  in  which 
the  fundamental  tone  or  the  Fifth  does  not  lie  more  titan  a 
Sixth  above  the  Third,  or  the  Fifth  does  not  lie  more  than  a 
Sixth  below  it.  The  fundamental  tone  may  be  as  far  below  the 
Third  as  we  please. 

The  corresponding  positions  of  the  major  tetrads  are  found  by 
combining  any  two  of  the  more  perfect  positions  of  the  major 
triads  which  have  a  common  tone,  as  follows,  where  the  lower 
figures  refer  to  the  positions  of  the  major  triads  already  given.. 


The  most  Perfect  Positions  of  Major  Tetrads  within  the 

Compass  of  Two  Octaves. 


1+2  1+3  1+4  1+52+4  2+5  2+0  3+4  3+6  4+6  5+6 


We  see  that  chords  of  the  Third  and  Sixth  must  lie  quite  close, 
as  No.  7  ;  and  that  chords  of  the  Fourth  and  Sixth  must  not  have 
a  compass  of  more  than  an  Eleventh,  but  may  occur  in  all  the 
three  positions  (5,  6,  11)  in  which  it  can  be  constructed  within 

z 
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this  compass.  Chords  which  have  the  fundamental  tone  in  the 
bass  can  be  handled  most  freely/ 

It  will  not  be  necessary  to  enimierate  the  less  perfect  positions 
of  major  tetrads.  They  cannot  have  more  than  two  unsuitable 
combinational  tones,  as  in  the  11th  position  of  the  major  triads, 
p.  334.  The  major  triads  of  C  can  only  have  the  &lse  combina- 
tional tones  marked  6[>—  and  /x  (or  very  acute/),  that  is,  with 
vibrational  numbers  bearing  to  that  of  C  the  ratios  7  I  1,  or  II  :  L 

Minor  UtradSy  like  the  corresponding  triads,  must  at  least 
have  one  &lse  combinational  tone.  There  is  only  one  single  position 
of  the  minor  tetrad  which  possesses  this  property ;  it  is  marked 
I  in  the  following  example,  and  is  compounded  of  the  positions  1 
and  2  of  the  minor  triad.  There  may  be  as  many  as  4  Mse  com- 
binational tones,  as,  for  example,  on  combining  positions  10  and  II 
of  the  minor  triads. 

Here  follows  a  list  of  the  minor  tetrads  which  have  not  more 
than  two  false  combinational  tones,  and  which  lie  within  the  com- 
pass of  two  Octaves.  The  &lse  combinational  tones  only  are  noted 
in  crotchets,  and  those  which  suit  the  chord  are  omitted. 


Beat  Positions  of  Minor  Tetrads. 

3  3  4  5         6  7  8 


1  [All  these  tetrads  can  be  played  on  the  experimental  harmonium  of  Appendix 
XIX.,  and  also,  with  the  exception  of  4  and  9,  npon  the  just  concertina  there  described. 
Those  two  forms  would  have  to  be  taken  an  Octave  higher,  m  </  ^  e^  e^'  and  ^  if*  ^  d^ 
respecUvelj.  But  in  order  to  contrast  them  with  the  minor  forms,  and  to  shew  their 
composition  from  the  triads  as  indicated  above,  it  ia  better,  on  the  just  conoertina,  to 
make  the  tetrads  from  the  triads  of  e'  g^t  hf^  thus : 


1) 

d 

V 

#" 

^'««l  +  2 

7) 

9^ 

h 

e' 

/««2  +  6 

2) 

d 

V 

/'» 

V    =1  +  3 

8) 

e 

e" 

r» 

V    =3  +  4 

3) 

• 

^ 

v 

^»=l+4 

«) 

e 

^» 

V 

eT'  -3  +  6 
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The  chord  of  the  Fourth  and  Sixth  occurs  only  in  its  closest 
position,  5 ;  but  that  of  the  Third  and  Sixth  is  found  in  three 
positions  (9,  3,  and  6),  namely,  in  all  positions  where  the  compass 
of  the  chord  does  not  exceed  a  Tenth ;  the  fundamental  chord 
occurs  three  times  with  the  Octave  of  the  fundamental  note  added 
(1,  2,  4),  and  twice  with  the  Octave  of  the  Fifth  added  (7,  8).» 

In  musical  theory,  as  hitherto  expounded,  very  little  has  been 
said  of  the  influence  of  the  transposition  of  chords  on  harmonious 
effect.  It  is  usual  to  give  as  a  rule  that  close  intervals  must  not 
be  used  in  the  bass,  and  that  the  intervals  should  be  tolerably 
evenly  distributed  between  the  extreme  tones.  And  even  these 
rules  do  not  appear  as  consequences  of  the  theoretical  views  and 
laws  usually  given,  according  to  which  a  consonant  interval  remains 
consonant  in  whatever  part  of  the  scale  it  is  taken,  and  however  it 
may  be  transposed  or  combined  with  others.  They  rather  appear 
us  practical  exceptions  from  general  rules.  It  was  left  to  the 
musician  himself  to  obtain  some  insight  into  the  various  effects  of 
the  various  positions  of  chords,  by  mere  use  and  experience.  No 
rule  could  be  given  to  guide  him. 

The  subject  has  been  treated  here  at  such  length  in  order  to 
shew  that  a  right  view  of  the  cause  of  consonance  and  dissonance 
leads  to  rules  for  relations  which  previous  theories  of  harmony 
oould  not  contain.  The  propositions  we  have  enunciated  agree, 
however,  with  the  practice  of  the  best  composers,  of  those,  I  mean, 
who  studied  vocal  music  principally,  before  the  great  development 
of  instrumental  music  necessitated  the  general  introduction  of 
tempered  intonation,  as  anyone  may  easily  convince  himself  by 
examining  those  compositions  which  aimed  at  producing  an  im- 
pression of  perfect  harmony.  Mozart  is  certainly  the  composer 
who  had  the  surest  instinct  for  the  delicacies  of  his  art.  Among 
his  vocal  compositions  the  Ave  veru/m  corpus  is  particularly 
celebrated  for  its  wonderfully  pure  and  smooth  harmonies.  On 
examining  this  little  piece  as  one  of  the  most  suitable  examples 

*  [All  these  choids  can  be  plajed  as  they  stand  on  the  experimental  harmoninm  of 
Appendix  XIX.,  but  on  the  jnst  concertina  there  described,  it  is  necessary  to  form 
them  from  the  triad  ^  g'  1/,m  follows : 
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for  our  purpose,  we  find  in  its  first  clause,  which  has  an  extremely 
soft  and  sweet  effect,  none  but  major  chords,  and  chords  of  the 
dominant  Seventh.  All  these  major  chords  belong  to  those  which 
we  have  noted  as  having  the  more  perfect  positions.  Position  2 
occurs  most  frequently,  and  then  8,  10,  1,  and  9.  It  is  not  till 
we  come  to  the  final  modulation  of  this  first  clause  that  we  meet 
with  two  minor  chords,  and  a  major  chord  in  an  unfi&vourable 
position.  It  is  very  striking,  by  way  of  comparison,  to  find  that 
the  second  clause  of  the  same  piece,  which  is  more  veiled,  longing, 
and  mystical,  and  laboriously  modulates  through  bolder  transitions 
and  harsher  dissonances,  has  many  more  minor  chords,  which,  as 
well  as  the  major  chords  scattered  among  them,  are  for  the  most 
part  brought  into  unfavourable  positions,  until  the  final  chord  again 
restores  perfect  harmony. 

Precisely  similar  observations  may  be  made  on  those  choral 
pieces  of  Palestrina,  and  of  his  contemporaries  and  successors, 
which  have  a  simple  harmonic  construction  without  any  involved 
polyphony.  In  transforming  the  Boman  church  music,  which  was 
Palestrina's  task,  the  principal  weight  was  laid  on  harmonious 
effect,  in  contrast  to  the  harsh  and  imintelligible  polyphony  of  the 
older  Dutch  system,  and  Palestrina  and  his  school  have  really 
solved  the  problem  in  the  most  perfect  manner.  Here  also  we  find 
an  almost  uninterrupted  flow  of  consonant  chords,  with  dominant 
Sevenths,  or  dissonant  passing  notes,  charily  interspersed.  Here 
also  the  consonant  chords  wholly,  or  almost  wholly,  consist  of  those 
major  and  minor  chords  which  we  have  noted  as  being  in  the 
more  perfect  positions.  But  in  the  final  cadence  of  a  few  clauses, 
on  the  contrary,  in  the  midst  of  more  powerful  and  more  firequent 
dissonances,  we  find  a  predominance  of  the  imfavourable  positions 
of  the  major  and  minor  chords.  Thus  that  expression  which 
modem  music  endeavours  to  attain  by  various  discords  and  an 
abundant  introduction  of  dominant  Sevenths,  was  obtained  in  the 
school  of  Palestrina  by  the  much  more  delicate  shading  of  various 
transpositions  of  consonant  chords.  This  explains  the  deep  and 
tender  expressiveness  of  the  harmony  of  these  compositions,  which 
sound  like  the  songs  of  angels  with  hearts  affected  but  undarkened 
by  human  grief  in  their  heavenly  joy.  Of  course  such  pieces  of 
music  require  fine  ears  both  in  singer  and  hearer,  to  let  the  delicate 
gradation  of  expression  receive  its  due,  now  that  modem  music  has 
Mciistomed  us  to  modes  of  expression  so  much  more  violent  and 
drastic. 
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The  great  majority  of  major  tetrads  in  Palestrina's  Staba 
mater  are  in  the  positions  1,  10,  8,  5,  3,  2,  4,  9,  and  of  mine 
tetrads  in  the  positions  9,  2,  4,  3,  5,  1.  For  the  major  chords  on 
might  almost  think  that  some  theoretical  rule  led  him  to  avoi( 
the  bad  intervals  of  the  minor  Tenth  and  the  Thirteenth.  Bu 
this  rule  would  have  been  entirely  useless  for  minor  chords 
Since  the  existence  of  combinational  tones  was  not  then  known 
we  can  only  conclude  that  his  fine  ear  led  him  to  this  practice 
and  that  the  judgment  of  his  ear  exactly  agreed  with  the  rule 
deduced  firom  our  theory. 

These  authorities  may  serve  to  lead  musicians  to  allow  thi 
correctness  of  my  arrangement  of  consonant  chords  in  the  orde 
of  their  harmoniousness.  But  anyone  can  convince  himself  o 
their  correctness  on  any  justly  intoned  instrument.  The  presen 
system  of  tempered  intonation  certainly  obliterates  somewhat  o 
tiie  more  delicate  distinctions,  without,  however,  entirely  destrojrin] 
them. 


Having  thus  concluded  that  part  of  our  investigations  whicl 
rests  upon  purely  scientific  principles,  it  will  be  advisable  t 
look  back  upon  the  road  we  have  travelled,  to  review  our  gains 
and  to  examine  the  position  which  our  results  assume  with  respec 
to  the  views  of  older  theoreticians.  We  started  from  the  acoustica 
phenomena  of  upper  partial  tones,  combinational  tones  and  beats 
These  phenomena  were  long  well  known  both  to  musicians  an< 
acousticians,  and  the  laws  of  their  occurrence  were,  at  least  ii 
their  essential  features,  correctly  recognised  and  enunciated.  W< 
had  only  to  pursue  these  phenomena  into  further  detail  than  ha( 
hitherto  been  done.  We  succeeded  in  finding  methods  for  observ 
ing  upper  partial  tones,  which  rendered  comparatively  easy  ai 
observation  previously  very  difficult  to  make.  And  with  the  help  o 
this  method  we  endeavoured  to  shew  that,  with  few  exceptions,  thi 
tones  of  all  musical  instruments  were  compounded  of  partial  tones 
and  that,  in  especial,  those  qualities  of  tone  which  are  more  parti 
cularly  fiavourable  for  musical  purposes,  possess  at  least  a  series  o 
the  lower  partial  tones  in  tolerable  force,  while  the  simple  tonej 
like  those  of  stopped  organ  pipes,  have  a  very  unsatisfector 
musical  effect,  although  even  these  tones  when  loudly  sounded  ai 
accompanied  in  the  ear  itself  by  some  weak  harmonic  upper  partial 
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On  the  other  hand  we  found  that  for  the  better  musical  qualities 
of  tone,  the  higher  partial  tones,  &om  the  Seventh  onwards,  must 
be  weak,  as  otherwise  the  quality,  and  every  combination  of  tones 
would  be  too  piercing.  In  reference  to  the  beats,  we  had  to  did* 
cover  what  became  of  them  when  they  grew  quicker  and  quicker. 
We  found  that  they  then  fell  into  that  roughness  which  is  the 
peculiar  character  of  dissonanoe.  The  transition  can  be  effected 
very  gradually,  and  observed  in  all  its  stages,  and  h^ice  it  is 
apparent  to  the  simplest  natural  observation  that  the  essence  of 
dissonance  consists  merely  in  very  rapid  beats.  The  nerves  of 
hearing  feel  these  rapid  beats  as  rough  and  unpleasant,  because 
every  intermittent  excitement  of  any  nervous  apparatus  affects  us 
more  powerfully  than  one  that  lasts  unaltered.  With  this  tiieie 
is  possibly  associated  a  psychologica]  cause.  The  individual  pulses 
of  tone  in  a  dissonant  combination  give  us  certainly  the  same 
impression  of  separate  pulses  as  slow  beats,  although  we  are  unable 
to  recognise  them  separately  and  count  them ;  hence  they  form 
a  tangled  mass  of  tone,  which  cannot  be  analysed  into  its  consti- 
tuents. The  cause  of  the  impleasantness  of  dissonance  we  attribute 
to  this  rovbghriesB  and  efrvtaTiglement.  The  meaning  of  this  dis- 
tinction may  be  thus  briefly  stated :  Consonance  is  a  eontinAiotiSy 
dissonance  an  intermittent  sensation  of  tone.  Two  consonant 
tones  flow  on  quietly  side  by  side  in  an  undisturbed  stream  ;  dis- 
sonant tones  cut  one  another  up  into  separate  pulses  of  tone^  This 
description  of  the  distinction  at  which  we  have  arrived  agrees 
precisely  with  Euclid's  old  definition,  ^  Consonance  is  the  blending 
of  a  higher  with  a  lower  tone.  Dissonance  is  incapacity  to  mixy 
when  two  tones  cannot  blend,  but  appear  rough  to  the  ear.'  ^ 

After  this  principle  had  been  once  established  there  was  nothing 

>  Euclidea,  ed.  Meibomius,  p.  8  :  "Etrri  8^  trvyupwia  ii\v  Kpwrts  8^o  ^e6yywif^  hivri^ov 
lad  fiofVT^pov,  Ata^vta  Zi  rohvoanioif  Zlo  ^Biyfwv  h^i^loy  fi^  oXmv  re  KpaBitpai,  &W& 
rpvxy^^^  T^r  iico^y.  [In  translating  this  passage  in  the  text,  I  haye  endeayoimd 
to  make  the  distinction  <^  fiil^ts  and  Kpaffis ;  the  former  is  taken  to  be  a  moehanieal* 
and  the  latter  a  chemical  mixture.  Mixing  and  blending  seem  to  conrej  the  notion. 
In  cvfipotvla  (which  Euclid  admitted  only  for  the  Octave,  Fifth,  and  Fourth)  he  felt 
that  the  tones  blended.  But  the  Uta^yla  (which  he  applies  to  aU  other  interrals,  for 
he  used  Pythagorean  major  and  minor  Thirds,  which  are  really  dissonant)  he  found  to 
consist  in  their  not  even  mixing^  not  even  forming  a  mechanical,  much  le«i  a  <*lnAfnu«^l 
unit,  so  that  he  goes  on  to  explain  Uiat  this  non-mixing  of  the  two  tones  consisted  in 
inabUity  to  blend,  and  resulted  in  producing  a  roughness,  as  contradistinguished  from 
n  bUnimg  in  the  ear.  The  tones  are  ^Hytsi,  properly  tones  sung,  but  used  eren  for 
tonet  of  the  lyre.— TVoiw^a^or.] 
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further  to  do  but  to  inquire  in  what  circumstances,  and  with  what 
degree  of  strength,  beats  would  arise  in  the  various  oombinationB 
of  tones  through  either  the  partial  or  the  combinational  tones. 
This  investigation  had  hitherto  been  completed  by  Scheibler  for 
the  combinational  tones  of  two  simple  tones  only.  The  law  of 
beats  being  known,  it  became  easy  to  extend  it  to  compound  tones. 
Every  theoretical  conclusion  on  this  field  can  be  immediately 
checked  by  a  proper  observation,  when  the  analysis  of  a  mass 
of  tone  is  facilitated  by  the  use  of  resonators.  All  these  beats 
of  partial  and  combinational  tones,  of  which  so  much  has  been 
said  in  the  last  chapter,  are  not  inventions  of  empty  theo- 
retical speculation,  but  rather  fiusts  of  observation,  and  can  be 
really  heard  without  difficulty  by  any  practised  observer  who  per- 
forms his  experiments  correctly.  The  knowledge  of  the  acoustic 
law  £Bkcilitates  our  discovery  of  the  phenomena  in  question.  But 
all  the  assertions  on  which  we  depend  for  establishing  a  theory  of 
consonance  and  dissonance,  such  as  was  given  in  the  last  chapters, 
are  founded  wholly  and  solely  on  a  careful  analysis  of  the  sensations 
of  hearing,  an  analysis  which  a  practised  ear  could  have  executed 
without  any  theoretical  assistance,  although  of  course  the  task  is 
immensely  £Bu;ilitated  by  the  guidance  of  theory  and  the  assist- 
ance of  appropriate  instruments  of  observation. 

For  these  reasons  the  reader  is  particularly  requested  to  ob- 
serve that  my  hypothesis  concerning  the  sympathetic  vibration  of 
Corti's  organs  inside  the  ear  has  no  immediate  connection  what- 
ever with  the  explanation  of  consonance  and  dissonance.  That 
explanation  depends  solely  upon  observed  facts,  on  the  beats 
of  partial  tones  and  the  beats  of  combinational  tones.  Yet  I 
thought  it  right  not  to  suppress  my  hypothesis  (which  must  of 
course  be  regarded  solely  as  an  hypothesis),  because  it  gathers  all 
the  various  acoustical  phenomena  with  which  we  are  concerned 
into  one  sheaf^  and  gives  a  dear,  intelligible,  and  evident  explani^ 
tion  of  the  whole  phenomena  and  their  connection. 

The  last  chapters  have  shewn,  that  a  correct  and  careful  analysis 
of  a  mass  of  soimd  under  the  guidance  of  the  principles  cited,  leads 
to  precisely  the  same  distinctions  between  consonant  and  dissonant 
intervals  and  chords,  as  have  been  estabUshed  under  the  old  theory 
of  harmony.  We  have  even  shewn  that  these  investigations  give 
more  particular  information  concerning  individual  intervals  and 
chords  than  was  possible  with  the  general  rules  of  the  former 
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theory,  and  that  the  correctness  of  these  rules  was  corroborated 
both  by  observation  on  justly  intoned  instruments  tod  the  practice 
of  the  best  composers. 

Hence  I  do  not  hesitate  to  assert  that  the  preceding  investiga- 
tions, founded  upon  a  more  exact  analysis  of  the  sensations  of  tone, 
And  upon  purely  scientific,  as  distinct  &om  esthetic  principles, 
eixhibit  the  true  and  sufficient  cause  of  consonance  and  dissonance 
in  music. 

One  circumstance  may,  perhaps,  cause  the  musician  to  pause  in 
accepting  this  assertion.  We  have  found  that  from  the  most  per- 
fect consonance  to  the  most  decided  dissonance  there  is  a  con- 
tinuous series  of  degrees,  of  combinations  of  sound,  which  con- 
tinually increase  in  roughness,  so  that  there  cannot  be  any  sharp 
line  drawn  between  consonance  and  dissonance,  and  the  distinction 
would  therefore  seem  to  be  merely  arbitrary.  Musicians,  on  the 
contrary,  have  been  in  the  habit  of  drawing  a  sharp  line  between 
consonances  and  dissonances,  allowing  of  no  intermediate  links, 
and  Hauptmann  advances  this  as  a  principal  reason  against  any 
attempt  at  deducing  the  theory  of  consonance  &om  the  relations 
of  rational  numbers.^ 

As  a  matter  of  fact  we  have  already  remarked  that  the  chords 
of  the  natural  or  sub-minor  Seventh  4  I  7,  and  of  the  sub-minor 
Tenth  3  !  7  in  many  qualities  of  tone  sound  at  least  as  well  as  the 
minor  Sixth  5  I  8,  and  that  the  sub-minor  Tenth  really  sounds 
better  than  the  minor  Tenth  5  112.  But  we  have  already  noticed 
a  circumstance  of  great  importance  for  musical  practice  which 
gives  the  minor  Sixth  an  advantage  over  the  intervals  formed  with 
the  number  7.  .  The  inversion  of  the  minor  Sixth  gives  a  better 
interval,  the  major  Third,  and  its  importance  as  a  consonance  in 
modem  music  is  especi^^y  due  to  this  very  relation  to  the  major 
Third ;  it  is  essentially  necessary,  and  justified,  just  because  it  is 
the  inversion  of  the  major  Third.  On  the  other  hand  the  inver- 
fiion  or  transposition  of  an  interval  formed  with  the  number  7 

*  *  Harmonik  nnd  Metrik,'  p.  4.  [At  the  same  time,  by  accepting  equal  tempera- 
ment  they  accept  as  consonant  a  series  of  tones  which  really  form  only  one  consonant 
inteTTal  (the  Octave)  and  only  two  others  eren  approzimatively  consonant  (the  Hfth 
and  Fourth),  while  the  commonest  iQterrals  on  which  harmony  rests,  the  Thirds,  with 
their  inversions  the  Sixths,  a^  not  merely  dissonant  bnt,  on  t]^e  sustained  tpnes  of  thfl 
voice  for  example,  grosdy  dissonant.  It  is  difficult  for  any  e^  brought  up  among 
these  dis{on^nces,  to  understand  the  real  distinction  between  oonsonaoce  and  dif- 
•onanoc— ZVofM/ia^.] 
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leads  to  intervals  worse  than  itself.  Hence  the  necessity,  for  the 
purposes  of  harmony,  of  being  allowed  to  transpose  the  parts  at 
pleasure,  would  be  a  reason  for  drawing  the  line  between  the 
minor  Sixth  on  the  one  hand,  and  the  intervals  characterised  by  7 
on  the  other*  It  is  not,  however,  till  we  come  to  construct  scales, 
which  we  shall  have  to  consider  in  the  next  chapter,  that  we  find 
decisive  reasons  for  making  this  the  boundary.  The  scales  of 
modem  music  cannot  possibly  accept  tones  determined  by  the 
number  7.  But  in  musical  harmony  we  can  only  deal  with  chords 
formed  of  notes  in  the  scale.  Inter\'als  characterised  by  6,  as  the 
Thirds  and  Siaihs,  occur  in  the  scale,  as  well  as  others  characterised 
by  9,  as  the  major  Second  8  :  9,  but  there  are  none  characterised 
by  7,  which  should  form  the  transition  between  them.  Here  then 
there  is  a  real  gap  in  the  series  of  chords  arranged  according  to 
the  degree  of  their  harmonious  effect,  and  this  gap  of  course  deter- 
mines the  boundary  between  consonance  and  dissonance. 

The  decision  does  not  depend,  then,  on  the  nature  of  the  inter* 
vals  themselves  but  on  the  construction  of  the  whole  tonal  system. 
Tms  is  corroborated  by  the  fact  that  the  boundary  between  conso- 
nant and  dissonant  intervals  has  not  been  always  the  same.  It 
has  been  already  mentioned  that  the  Greeks  always  represented 
Thirds  as  dissonant,  and  although  the  original  Pythagorean  Third 
64  !  81,  determined  by  a  series  of  fifths,  was  not  a  consonance,  yet 
even  when  the  natural  major  Third  4  I  5  was  afterwards  included 
in  the  so-called  syntono-diatonic  mode  of  Didymus  and  Ptolemaeus, 
it  was  not  recognised  as  a  consonance.  It  has  already  been  men- 
tioned that  in  the  middle  ages,  first  the  Thirds  and  thei^  the  Sixths 
were  acknowledged  as  imperfect  consonances,  that  the  Thirds  were 
long  omitted  &om  the  final  chord,  and  that  it  was  not  till  later 
that  the  major,  and  quite  recently  the  minor  Third  was  admitted  in 
this  position.  It  is  quite  a  mistake  to  suppose,  with  modem 
musical  theorists,  that  this  was  merely  whimsical  and  unnatiu^, 
or  that  the  older  composers  allowed  themselves  to  be  fettereii  by 
blind  faith  in  Greek  authority.  The  last  was  certainly  partly  true 
for  writers  on  musical  theory  down  to  the  sixteenth  century.  But 
we  must  distinguish  carefiilly  between  composers  and  theoreticians. 
Neither  the  Greeks,  nor  the  great  musical  composers  of  the  sixteenth 
and  seventeenth  centuries,  were  people  to  be  blinded  by  a  theory 
which  their  ears  could  upset.  The  reason  for  these  deviations  is 
to  be  looked  for  rather  in  the  difference  between  the  tonal  systems 
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in  early  and  recent  times,  with  which  we  shall  become  acquainted 
in  the  next  part.  It  will  there  be  seen  that  our  modem  system 
gained  the  form  under  which  we  know  it  through  the  influence  of 
a  general  use  of  harmonic  chords.  It  was  only  in  this  system  that 
a  complete  regard  was  paid  to  all  the  requisitions  of  interwoven 
harmonies.  0?mig  to  its  strict  consistency,  we  were  not  only  able 
to  allow  many  licences  in  the  use  of  the  more  imperfect  consonances 
and  of  dissonances,  which  older  systems  had  to  avoid,  but  we  were 
often  required  to  insert  the  Thirds  in  final  chords,  as  a  mode  of 
distinguishing  with  certainty  between  the  major  and  minor  mode, 
in  cases  where  this  distinction  was  formerly  evaded. 

But  if  the  boundary  between  consonance  and  dissonance  has 
really  changed  with  a  change  of  tonal  system,  it  is  manifest  that 
the  reason  for  assigning  this  boundary  does  not  depend  on  the 
intervals  and  their  individual  musical  e£fect,  but  on  the  whole  con- 
struction of  the  tonal  system* 

The  enigma  which,  2,500  years  ago,  Pythagoras  proposed  to 
science, '  Why  is  consonance  determined  by  the  ratios  of  small 
whole  numbeors  ? '  has  been  solved  by  the  discovery  that  the  ear 
resolves  all  complex  sounds  into  pendular  oscillations,  according  to 
the  laws  of  sympathetic  vibration.  Mathematically  expressed,  this 
is  done  by  Fourier^s  law,  which  shews  how  any  periodically  variable 
magnitude,  whatever  be  its  nature,  can  be  expressed  by  a  sum  of 
the  simplest  periodic  magnitudes.^  The  length  of  the  periods  of 
the  simply  periodic  terms  of  this  smn  must  be  exactly  such,  that 
either  one  or  two  or  three  or  four,  and  so  on,  of  their  periods  are 
equal  to  the  period  of  the  given  magnitude.  This,  reduced  to 
tones,  means  that  the  vibrational  numbers  of  the  partial  tones 
must  be  exactly  once,  twice,  three  times,  four  times,  and  so  on^ 
respectively,  as  great  as  that  of  the  prime  tone.  These  are  the 
whole  numbers  which  determine  the  ratios  of  the  oonsonancet. 
For,  as  we  have  seen,  the  condition  of  consonance  is  that  two  of 
the  lower  partial  tones  of  the  notes  combined  shall  be  of  exactly 
the  same  pitch ;  when  they  are  not,  disturbance  arises  from  beats. 
Ultimately,  then,  the  reason  of  the  rational  numerical  relations 
of  Pythagoras  is  to  be  found  in  the  theorem  of  Fourier,  and  in 
one  sense  this  theorem  may  be  considered  as  the  prime  source  of 
the  theory  of  harmony. 

>  Namely  magnitudea  which  Taiy,  as  sinea  and  ooainea. 
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The  relation  of  whole  numbers  to  consonance  became  in  ancient 
times,  in  the  middle  ages,  and  especially  among  oriental  nations, 
the  fomidation  of  extravagant  and  fanciful  speculation.  '  Every- 
thing is  Number  and  Harmony,'  was  the  characteristic  principle 
of  the  Pythagorean  doctrine.  The  same  numerical  ratios  which 
exist  between  the  seven  tones  of  the  diatonic  scale,  were  thought 
to  be  found  again  in  the  distances  of  the  celestial  bodies  from  the 
central  fire.  Hence  the  harmony  of  the  spheres,  which  was  heard 
by  Pythagoras  alone  among  mortal  men,  as  his  disciples  asserted. 
The  numerical  speculations  of  the  Chinese  in  primitive  times  reach 
as  &r.  In  the  book  of  Tso-kiu-ming,  a  friend  of  Confucius  (b.c. 
500),  the  five  tones  of  the  old  Chinese  scale  were  compared  with 
the  five  elements  of  their  natural  philosophy — ^water,  fire,  wood, 
metal,  and  earth.  The  whole  numbers  1,  2,  3  and  4  were  described 
as  the  source  of  all  perfection.  At  a  later  time  the  12  semitones 
of  the  Octave  were  connected  with  the  12  months  in  the  year,  and 
so  on.  Similar  references  of  musical  tones  to  the  elements,  the 
temperaments,  and  the  constellations  are  found  abundantly 
scattered  among  the  musical  writings  of  the  Arabs.  The  harmony 
of  the  spheres  plays  a  great  part  throughout  the  middle  ages.  In 
Athanasius  Kircher,  not  only  the  macrocosm,  but  the  microcosm  is 
musical.  Even  Kepler,  a  man  of  the  deepest  scientific  spirit, 
could  not  keep  himself  quite  free  from  imaginations  of  this  kind. 
Nay  even  in  the  most  recent  times  natural  philosophers  may  still 
be  found  who  prefer  sueh  dreaming  to  scientific  work. 

The  celebrated  mathematician  Leonard  Euler,'  endeavoured  in 
a  serious  and  more  scientific  manner  to  found  the  relations  of 
consonances  to  whole  niunbers  upon  psychological  considerations, 
and  his  theory  may  certainly  be  r^arded  as  the  one  which  found 
most  favour  with  scientific  investigators  during  the  last  century, 
although  it  perhaps  did  not  entirely  satisfy  them.  Euler'  begins 
by  explaining  that  we  are  pleased  with  everything  in  which  we 
can  detect  a  certain  amount  of  perfection.  Now  the  perfection  of 
anything  is  determined  by  the  co-operation  of  all  its  parts  towards 
the  attainment  of  its  end.  Hence  it  follows  that  wherever  perfec- 
tion is  to  be  found  there  must  be  order;  for  order  consists  in 
the  arrangement  of  all  parts  by  a  certain  law  from  which  we  can 
discover  why  each  part  lies  where  it  is,  rather  than  in  any  other 

'  Tentamen  novae  theorifte  Mosicae,  Petropoli,  1739.        *  Loe,  eit  chap.  2,  {  7. 
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place.  Now  in  any  perfect  object  such  a  law  of  arrangement  is 
determined  by  the  end  to  be  attained  which  governs  all  the  parts. 
For  this  reason  order  pleases  us  more  than  disorder.  Now  order 
can  be  perceived  in  two  ways  :  either  we  know  the  law  whence  the 
arrangement  is  deduced,  and  compare  the  deductions  from  this 
law  with  the  arrangements  observed ;  or,  we  observe  these  arrange 
ments  and  endeavour  to  determine  the  law  from  them.  The  latter 
is  the  case  in  music.  A  combination  of  tones  will  please  us  when 
we  can  discover  the  law  of  their  arrangement.  Hence  it  may  well 
happen  that  one  hearer  finds  it  and  that  another  does  not,  and  that 
their  judgments  consequently  differ. 

The  more  easily  we  perceive  the  order  which  characterises  the 
objects  contemplated,  the  more  simple  and  more  perfect  will  they 
appear,  and  the  more  easily  and  joyfully  shall  we  acknowledge 
them.  But  an  order  which  costs  trouble  to  discover,  though  it 
will  indeed  also  please  us,  will  associate  with  that  pleasure  a 
certain  degree  of  weariness  and  sadness  {triatitia). 

Now  in  tones  there  are  two  things  in  which  order  is  displayed, 
pitch  and  duration.  Pitch  is  ordered  by  intervals,  duration  by 
rhythm.  Force  of  tone  might  also  be  ordered,  had  we  a  measure 
for  it.  Now  in  rhythm  two  or  three  or  four  equally  long  notes  of 
one  part  may  correspond  with  one  or  two  or  three  of  another,  in 
which  the  regularity  of  the  arrangement  is  easily  observed,  es- 
pecially when  frequently  repeated,  and  gives  considerable  pleasure. 
Similarly  in  intervals  we  should  derive  more  pleasure  from  ob- 
serving that  two,  three,  or  four  vibrations  of  one  tone  coincided 
with  one,  two,  or  three  of  another,  than  we  could  possibly  experi- 
ence if  the  ratios  of  the  time  of  vibration  were  incommensur- 
able  with  one  another,  or  at  least  could  not  be  expressed  except 
by  very  high  numbers.  Hence  it  follows  that  the  combination  of 
two  tones  pleases  us  the  more,  the  smaller  the  two  nimibers  by 
which  the  ratios  of  their  periods  of  vibration  can  be  expressed. 
Euler  also  remarked  that  we  could  better  endure  more  complicated 
ratios  of  the  periods  of  vibration,  and  Qonsequeutly  less  perfect 
consonances,  for  higher  than  for  deeper  tones,  because  for  the 
former  the  groups  of  vibrations  which  were  arranged  to  occur  in 
equal  times,  were  repeated  more  frequently  than  in  the  latter,  and 
we  were  consequently  better  able  to  recognise  the  regularity  of 
even  a  more  involved  arrangement. 
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Hereupon  Euler  develops  an  arithmetical  rule  for  caleu 
the  degree  of  harmoniousness  of  an  interval  or  a  chord  frc 
ratios  of  the  periods  of  the  vibrations  which  characterii 
intervals.  The  Unison  belongs  to  the  first  degree,  the  Od 
the  second,  the  Twelfth  and  Double  Octave  to  the  third,  the 
to  the  fourth,  the  Fourth  to  the  fifth,  the  major  TerUh  and  El 
to  the  sixth,  the  major  Sixth  and  major  Thi/rd  to  the  seven! 
mvnoT  Siosth  and  minor  Third  to  the  eighth,  the  att&^ 
Seventh  4  :  7  to  the  ninth,  and  so  on.  To  the  ninth  degree  1 
also  the  major  triad,  both  in  its  closest  position  and  in  the 
tion  of  the  Fourth  and  Sixth.  The  major  chord  of  the  Thir 
Sixth  belongs,  however,  to  the  tenth  degree.  The  mi/nor 
both  in  its  closest  and  in  its  position  of  the  Third  and 
also  belongs  to  the  ninth  degree,  but  its  position  of  the  1 
and  Sixth  to  the  tenth  degree.  In  this  arrangement  th< 
sequences  of  Euler's  system  agree  tolerably  well  with  ou 
results,  except  that  in  determining  the  relation  of  the  ms 
the  minor  triad,  the  influence  of  combinational  tones  we 
taken  into  account,  but  only  the  kinds  of  interval.  Henc< 
triads  in  their  close  position  appear  to  be  equally  harmo 
although  again  the  m^jor  chord  of  the  Third  and  Sixth 
the  minor  chord  of  the  Fourth  and  Sixth  are  inferior  wit 
as  with  us.^ 

Euler  has  not  confined  these  speculations  to  single  consoi 
and  chords,  but  has  extended  them  to  their  results,  to  th 
struction  of  scales,  and  to  modulations,  and  brought  out 

*  The  principle  on  which  Euler  calculated  the  degrees  of  harmonioasn 

intervals  and  chords,  is  here  annexed,  because  its  consequences  are  very  co: 

eombinational  tones  are  disregarded.    When  |>  is  a  prime  number,  the  d^ree 

All  other  numbers  are  products  of  prime  numbers.    The  number  of  the  degn 

product  of  two  factors  a  and  5,  for  which  separately  the  numbers  of  degree  are  < 

respectiTely  «  a  +  iS  —  1 .    To  find  the  number  of  the  degree  of  a  chord,  which  cat 

pressed  hyplq^lrlB,  &c,  in  smallest  whole  numbers,  Euler  finds  the  least  c 

multiple  otpt  Ht  **>  'f  &<^>  ^^^  the  number  of  its  degree  is  that  of  the  chord. 

for  example : 

The  number  of  the  degree  of  2  is  2,  and  of  8  u  8, 

of   4-   2.2,  it  is  2  +  2-1-8, 

ofl2»  4.8,  it  is  3  +  3-1 -5, 

of  60- 12.5,  it  is  5  + 6-1  »9. 

That  of  the  migor  triad  4  :  5  :  6  is  that  of  60,  because  60  is  the  least  e 
multiple  of  4,  6,  6,  that  is,  the  least  number  whidl  all  of  them  will  diyide  wit 
remainder. 
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Surprising  specialities  oorrectly.     But  without  taking  into  account 

that  Euler^s  system  gives  no  explanation  of  the  reason  why  a 

consonance  when  slightly  out  of  tune  sounds  almost  as  well  as 

one  justly  tuned,  and  much  better  than  one  greatly  out  of  tune^ 

although  the  numerical  ratio  for  the  former  is  generally  much 

more  complicated,  it  is  very  evident  that  the  principal  difficulty 

in  Euler's  theoiy  is  that  it  says  nothing  at  all  of  the  mode  in 

Which  the  mind  contrives  to  perceive  the  numerical  ratios  of  two 

combined  tones.    We  must  not  forget  that  a  man  left  to  himself 

is  scarcely  aware  that  a  tone  depends  upon  vibrations.    Moreover, 

immediate  and  conscious  perception  by  the  senses  has  no  means  of 

discovering  that  the  numbers  of  vibrations  performed  in  the  same 

time  are  different,  greater  for  high  than  for  low  tones,  and  that 

determinate  intervak  have  determinate  ratios  of  these  numbers. 

There  are  certainly  many  perceptions  of  the  senses  in  which  a 

person  is  precisely  able  to  accoimt  for  the  way  in  which  he  has 

attained  his  knowledge,  as  when  from  the  resonance  of  a  space  he 

judges  of  its  size  and  form,  or  when  he  reads  the  character  of  a 

man  in  bis  features.    But  in  such  cases  a  person  has  generally  had 

a  large  experience  in  such  relations,  which  helps  him  to  form  a 

judgment  in  analogous  circumstances,  without  having  the  pre* 

▼ious  circmnstances  on  which  his  judgment  depends  clearly  present 

to  his  mind.     But  it  is  quite  different  with  vibrational  numbers* 

A  man  that  has  never  made  physical  experiments  has  never  in  the 

whole  course  of  his  life  had  the  slightest  opportunity  of  knowing 

anything  about  vibrational  numbers  or  their  ratios.     And  almost 

everyone  who  delights  in  music  remains  in  this  state  of  ignorance 

from  birth  to  death. 

Hence  it  was  certainly  necessary  to  shew  how  the  ratios  of 
vibrational  numbers  can  be  perceived  by  the  senses.  It  has  been 
my  endeavour  to  do  this,  and  hence  the  results  of  my  investiga* 
tion  may  be  said,  in  one  sense,  to  fill  up  the  gap  which  Euler's 
left.  But  the  physiological  processes  which  make  the  difference 
sensible  between  consonance  and  dissonance,  or,  in  Euler's 
language,  orderly  and  disorderly  relations  of  tone,  ultimately 
bring  to  light  an  essential  difference  between  our  method  of  ex- 
planation and  Euler's.  According  to  the  latter,  the  human  mind 
perceives  commensurable  ratios  of  vibrational  numbers  as  such ; 
according  to  our  method,  it  perceives  only  the  physical  effect  of 
these  ratios,  namely  the  continuous  or  intermittent  sensation  of 
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the  auditory  nerves.  The  physicist  knows,  indeed^  that  the  reason 
why  the  sensation  of  a  consonance  is  continuous  is  that  the  ratios 
of  its  vibrational  numbers  are  commensurable,  but  when  a  man, 
who  is  unacquainted  with  physics,  hears  a  piece  of  music,  nothing 
of  the  sort  occurs  to  him,  nor  does  the  physicist  find  a  chord  in 
any  respect  more  harmonious  because  he  is  better  acquainted  with 
the  cause  of  its  harmoniousness.^  It  is  quite  di£ferent  with  the  order 
of  rhythm.  That  exactly  two  crotchets,  or  three  in  a  triplet,  or 
four  quavers  go  to  one  minim  is  perceived  by  any  attentive  listener 
without  the  least  instruction.  But  while  the  orderly  relation  (or 
commensurable  ratio)  of  the  vibrations  of  two  combined  tones,  on 
the  other  hand,  undoubtedly  affects  the  ear  in  a  certain  way  which 
distinguishes  it  from  any  disorderly  relation  (incommensurable 
ratio),  this  difference  of  consonance  and  dissonance  depends  on 
physical,  not  psychological  grounds. 

The  considerations  advanced  by  Rameau  and  d'Alembert '  on 
the  one  side,  and  Tartini  '  on  the  other,  concerning  the  cause  of 
consonance  agree  better  with  our  theory.  The  latter  founded  his 
theory  on  the  existence  of  combinational  tones,  the  two  former  on 
that  of  upper  partial  tones.  As  we  see,  they  had  found  the  proper 
points  of  attack,  but  the  acoustical  knowledge  of  last  century  did 
not  allow  of  their  drawing  sufficient  consequences  from  them. 
According  to  d'Alembert,  Tartini's  book  was  so  darkly  and  ob- 
scurely written  that  he,  as  well  as  other  well-instructed  people, 
were  unable  to  form  a  judgment  upon  it.  D'Alembert's  book,  on 
the  other  hand,  is  an  extremely  clear  and  masterly  performance, 
such  as  was  to  be  expected  from  a  delicate  and  exact  thinker,  who 
was  at  the  same  time  one  of  the  greatest  physicists  and  mathema- 
ticians of  his  time.  Bameau  and  d'Alembert  lay  down  two  £Bict8 
as  the  foundation  of  their  system.  The  first  is  that  every  resonant 
body  audibly  produces  at  the  same  time  as  the  prime  {gSn^cUeur) 
its  twelfth  and  next  higher  Third,  as  upper  partials  {tiarmoniqu^e). 
The  second  is  that  the  resemblance  between  any  tone  and  its  Oc- 
tave is  generally  apparent.     The  first  fact  is  used  to  shew  that 

>  [Does  a  man  breathe  more  easilj  and  aerate  hie  blood  better  becante  he  knows 
the  constitution  of  the  atmosphere  and  its  relation  to  his  earbonised  blood?  Does  a 
man  feel  a  weight  greater  or  less,  because  he  knows  the  laws  of  graritation  ?  Thesa 
are  quite  similar  questions. — TranslatarJ] 

*  '  ^^ments  de  Musique,  suivant  les  Principes  de  M.  Rameau/  par  M.  d'Alembert. 
Lyon,  1762. 

*  *  Traits  de  FHannonie,'  1764. 
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the  major  chord  is  the  moet  natural  of  all  chords,  and  the  second 
to  establish  the  possibility  of  lowering  the  Fifth  and  the  Third  by 
one  or  two  Octaves  without  altering  the  nature  of  the  chord,  and 
hence  to  obtain  the  major  triad  in  all  its  different  inversions  and 
positions.  The  minor  triad  is  then  found  by  the  condition  that 
all  three  tones  should  have  the  same  upper  partial  or  harmonic, 
namely  the  Fifth  of  the  chord  (in  fact  C,  E\^  and  0  have  all  the 
same  upper  partial  g^).  Hence  although  the  minor  chord  is  not 
80  perfect  and  natural  as  the  major,  it  is  nevertheless  prescribed  by 
Tiature. 

In  the  middle  of  the  last  century,  when  much  suffering  arose 
from  an  artificial  social  condition,  it  might  have  been  enough  to 
shew  that  a  thing  was  natural,  in  order  at  the  same  time  to  prove 
that  it  must  be  also  beautiful  and  desirable.  Of  course  no  one 
who  considers  the  great  perfection  and  suitability  of  all  organio 
arrangements  in  the  human  body,  would,  even  at  the  present  day, 
deny  that  when  the  existence  of  such  natural  relations  have  been 
proved  as  Rameau  discovered  between  the  tones  of  the  major  triad, 
they  ought  to  be  most  carefully  considered,  at  least  as  starting- 
points  for  further  research.  And  Rameau  had  indeed  quite  cor- 
rectly conjectured,  as  we  can  now  perceive,  that  this  &ct  was  the 
proper  basis  of  a  theory  of  harmony.  But  that  is  by  no  means 
everything.  For  in  nature  we  find  not  only  beauty  but  ugliness, 
not  only  help  but  hurt.  Hence  the  mere  proof  that  anything  is 
natural  does  not  suffice  to  justify  it  esthetically.  Moreover  if 
Bameau  had  listened  to  the  effects  of  striking  rods,  bells,  and 
membranes,  or  blowing  over  hollow  chambers,  he  might  have 
heard  many  a  perfectly  dissonant  chord,  quite  unlike  those  ob- 
tained  from  strings  and  musical  instruments.  And  yet  such 
chords  cannot  but  be  considered  equally  natural. 

Again  the  resemblance  of  the  Octave  to  its  fundamental  tone, 
^hich  was  one  of  Rameau's  initial  facts,  is  a  musical  phenomenon 
quite  as  much  in  need  of  explanation  as  consonance  itself. 

No  one  knew  better  than  d'Alembert  himself  the  missing  links 
of  this  system.  Hence  in  the  preface  to  his  book  he  especially 
guards  himself  against  the  expression :  ^  Demonstration  of  the 
Principle  of  Harmony,'  which  Rameau  had  used.  He  declares 
that  so  far  as  he  himself  is  concerned,  he  meant  only  to  give  a 
well-connected  and  consistent  account  of  all  the  laws  of  the  theory 
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CHAPTER  XIII. 

OENSBAL  YIEW  OF  THE  DIFFEBENT    PBINCIFLES  OF  MUSICAL  8TTLB   IN 

THE  DEYELOPMENT  OF  MUSIC. 

Up  to  this  point  our  investigiettion  has  been  purely  physical. 
We  have  analysed  the  sensations  of  hearing,  and  investigated 
the  physical  and  physiological  causes  for  the  phenomena  discovered, 
— partial  tones,  combinational  tones,  and  beats.  In  the  whole  of 
this  research  we  have  dealt  solely  with  natural  phenomena,  which 
present  themselves  mechanically,  without  any  choice,  to  all  living 
beings  whose  ears  are  constructed  on  the  same  anatomical  plan  as 
our  own.  In  such  a  field,  where  necessity  is  paramount  and 
nothing  is  arbitrary,  science  is  rightfully  called  upon  to  establish 
constant  laws  of  phenomena,  and  to  demonstrate  strictly  a  striet 
connection  between  cause  and  effect.  As  there  is  nothing  arbitrary 
in  the  phenomena  unbraced  by  the  theory,  so  also  nothing 
arbitrary  can  be  admitted  into  the  laws  which  regulate  the  ph«io»- 
mena,  or  into  the  explanations  given  for  their  occurrence.  As 
long  as  anything  arbitrary  remains  in  these  laws  and  explanations^ 
it  is  the  duty  of  science  (a  duty  which  it  is  generally  able  to  dis- 
charge) to  exclude  it,  by  continuing  the  investigations. 

But  in  this  third  part  of  our  inquiry  into  the  theory  of  music 
we  have  to  furnish  a  satis&ctory  foundation  for  the  elementary 
rules  of  musical  composition,  and  here  we  tread  on  new  ground, 
which  is  no  longer  subject  to  physical  laws  alone,  although  the 
knowledge  which  we  have  gained  of  the  nature  of  hearing,  will 
still  find  numerous  applications.  We  pass  on  to  a  problem  which 
by  its  very  nature  belongs  to  the  donaain  of  esthetics.  When  we 
spoke  previously,  in  the  theory  of  consonance,  of  agreeable  and  dis- 
agreeable, we  referred  solely  to  the  immediate  impression  made  on 
the  senses  when  an  isolated  oombination  of  sounds  strikes  the 
ear,  and  paid  no  attention  at  all  to  artistic  contrasts  and  means  of 
expression ;  we  thought  only  of  sensuous  pleasure,  not  of  esthetic 
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beauty.     The  two  must  be  kept  strictly  apart,  although  the  first  is 
an  important  means  for  attaining  the  second. 

The  altered  nature  of  the  matters  now  to  be  treated  betrays 
itself  by  a  purely  external  characteristic.  At  every  step  we  en- 
counter historical  and  national  differences  of  taste.  Whether  one 
combination  is  rougher  or  smoother  than  another,  depends  solely 
on  the  anatomical  structiure  of  the  ear,  and  has  nothing  to  do  with 
psychological  motives.  But  what  degree  of  roughness  a  hearer  is 
inclined  to  endure  as  a  means  of  musical  expression  depends  on 
taste  and  habit ;  hence  the  boundary  between  consonances  and  dis- 
sonances has  been  frequently  changed.  Similarly  Scales,  Modes, 
and  their  Modulations  have  undergone  multifarious  alterations,  not 
merely  among  uncultivated  or  savage  people,  but  even  in  those 
periods  of  the  world's  history  and  among  those  nations  where  the 
noblest  flowers  of  human  culture  have  expanded. 

Hence  it  follows, — and  the  proposition  cannot  be  too  vividly 
present  to  the  minds  of  our  musical  theoreticians  and  historians — 
that  the  system  of  Scales,  Modes,  and  Hanrmonic  Tissues  does  not 
rest  solely  upon  in/dterahle  natural  laws,  but  is  at  least  partly 
also  the  result  of  esthetical  prmciples,  which  have  already  changed^ 
and  will  still  further  change,  with  the  progressive  devdopment 
of  humanity* 

Biit  it  does  not  follow  from  this  that  the  choice  of  those  ele- 
ments of  musical  art,  was  perfectly  arbitrary,  and  that  they  do  not 
allow  of  being  derived  from  some  more  general  law.  On  the 
contrary  the  rules  of  any  style  of  art  form  a  well-connected  system 
whenever  that  style  has  attained  a  full  and  perfect  development. 
These  rules  of  art  were  certainly  never  developed  into  a  system  by 
the  artists  themselves  with  conscious  intention  and  consistency. 
They  are  rather  the  result  of  tentative  exploration  or  the  play  of 
imagination,  as  the  artists  think  out  or  execute  their  plans,  and 
gradually  discover  by  trial,  what  kind  or  manner  of  performance 
best  pleases  them.  Yet  science  is  capable  of  discovering  the 
motive  forces,  whether  psychological  or  technical,  which  have  been 
at  work  in  this  artistic  process.  Scientific  esthetics  have  to  deal  with 
the  psychological ;  scientific  physics  with  the  technical.  When 
the  artist's  aim  in  the  style  he  has  adopted,  and  its  principal  direc- 
tion, have  once  been  rightly  conceived,  it  can  be  more  or  less 
correctly  determined  why  he  was  forced  to  follow  this  or  that  rule, 
or  employ  this  or  that   technical    means.      In    musical  theory 
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especially^  where  the  peculiar  physiological  functioiis  of  the  ear, 
while  not  immediately  present  to  conscious  self-examination,  play 
an  important  part,  a  large  and  rich  field  is  thrown  open  for  scien- 
tific investigation  to  shew  the  necessary  character  of  the  technical 
rules  for  each  individual  direction  in  the  development  of  our  art. 

It  does  not  rest  with  natural  science  to  characterise  the  chief 
problem  worked  out  by  each  school  of  art,  and  the  elementary 
principle  of  its  style.  This  must  be  gathered  firom  the  results  of 
historical  and  esthetical  inquiry. 

The  relation  we  have  to  treat  may  be  illustrated  by  a  compa- 
rison with  architecture,  which,  like  music,  has  pursued  essentially 
different  directions  at  different  times.  The  Oreeka,  in  their  stone 
temples,  imitated  the  original  wooden  constructions ;  that  was  the 
principle  of  their  architectural  style.  The  whole  analysis  and 
arrangement  of  their  decorations  clearly  shew  that  it  was  their 
intention  to  imitate  wooden  constructions.  The  verticality  of  the 
supporting  columns,  the  general  horizontality  of  the  supported 
beam,  forced  them  to  arrange  all  the  subordinate  parts  for  the 
great  majority  of  cases  in  vertical  and  horizontal  lines.  The  pur-* 
poses  of  Grecian  worship,  which  performed  its  principal  functions 
in  the  open  air,  were  satisfied  by  erections,  of  this  kind,  in  which 
the  internal  spaces  were  necessarily  narrowly  limited  by  the  length 
of  the  stone  or  wooden  beams  which  could  be  employed.  The  old 
Italians  (Etruscans),  on  the  other  hand,  discovered  the  principle 
of  the  arch,  composed  of  wedge-shaped  stones.  This  discovery 
rendered  it  possible  to  cover  in  much  more  extensive  buildings 
with  arched  roofs,  than  the  Greeks  could  do  with  their  wooden 
beams.  Among  these  arched  buildings  the  halls  of  justice 
(basil^icae)  became  important,  as  is  well  known,  for  the  subsequent 
development  of  architecture.  The  arched  roof  made  the  circular 
arch  the  chief  principle  in  division  and  decoration  for  Roman 
(Byzantine)  art.  The  columns,  pressed  by  heavy  weights,  were 
transformed  into  pillars,  on  which,  after  the  style  was  fully  de- 
veloped, columns  merely  appeared  in  diminished  forms,  half  simk 
in  the  mass  of  the  pillar,  as  merely  decorative  articulations,  and  as 
the  downward  continuation  of  the  ribs  of  the  arches  which  radiated 
towards  the  ceiling  firom  the  upper  end  of  the  pillar. 

In  the  arch  the  wedge-shaped  stones  press  against  each  other, 
but  as  they  all  imiformly  press  inwards,  each  one  prevents  the 
other  firom  falling.   The  most  powerful  and  most  dangerous  degree 
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of  pressure  is  exerted  by  the  stones  in  the  horizontal  parts  of  the 
arch,  where  they  have  either  no  support  or  no  obliquely  placed 
support,  and  are  prevented  from  falling  solely  by  the  greater 
thickness  of  their  upper  extremities.  In  veiy  large  arches  the 
horizontal  middle  portion  is  consequently  the  most  dangerous,  and 
would  be  precipitated  by  the  slightest  yielding  of  the  materials. 
As,  then,  medieval  ecclesiastical  structures  assumed  continually 
larger  dimensions,  the  idea  occurred  of  leaving  out  the  middle 
horizontal  part  of  the  arch  altogether,  and  of  making  the  sides 
ascend  with  moderate  obliquity  until  they  met  in  a  pointed  arch. 
From  thenceforward  the  pointed  arch  became  the  dominant  prin- 
ciple. The  building  was  divided  into  sections  externally  by  the 
projecting  buttresses.  These,  and  the  omnipresent  pointed  arch 
made  the  outlines  hard,  and  churches  became  enormously  high. 
But  both  characters  suited  the  vigorous  minds  of  the  northern 
nations,  and  perhaps  the  very  hardness  of  the  forms,  thoroughly 
subdued  by  that  marvellous  consistency  which  runs  through  the 
varied  magnificence  of  form  in  a  gothic  cathedral,  served  to 
heighten  the  impression  of  immensity  and  power. 

We  see  here,  then,  how  the  technical  discoveries  which  were 
associated  with  the  problems  as  they  rose  successively  created 
three  entirely  distinct  principles  of  style — ^the  horizontal  line,  the 
circular  arch,  the  pointed  arch — and  how  at  each  new  change  in 
the  main  plan  of  construction,  all  the  subordinate  individualities, 
down  to  the  smallest  decorations,  were  altered  accordingly ;  and 
hence  how  the  individual  rules  of  construction  can  only  be  com- 
prehended from  the  general  principle  of  construction.  Although 
the  gothic  style  has  developed  the  richest,  the  most  consistent,  the 
mightiest  and  most  imposing  of  architectural  forms,  just  as 
modem  music  among  other  musical  styles,  no  one  would  certainly 
for  a  moment  think  of  asserting  that  the  pointed  arch  is  nature's 
original  form  of  all  architectural  beauty,  and  must  consequently 
be  introduced  everywhere.  And  at  the  present  day  it  is  well 
known  that  it  is  an  artistic  absurdity  to  put  gothic  windows  in  a 
Greek  building.  Conversely  anyone  can  unfortunately  convince 
himself  on  visiting  most  of  our  Gothic  cathedrals  how  detestably 
unsuitable  to  the  whole  effect  are  those  nimierous  little  chapels  of 
the  HnaiaaaTice  period  built  in  the  Greek  or  Roman  style.  Just 
as  little  as  the  Grothic  pointed  arch,  should  our  diatonic  major 
scale  be  regarded  as  a  ncUural  prodicct,  at  least  such  an  expression 
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is  quite  inapplicable,  except  in  so  far  as  both  are  necessary  and 
natural  consequences  of  the  principle  of  style  selected.  And  just 
as  little  as  we  should  use  Gothic  ornamentation  in  a  Greek  temple, 
should  we  venture  upon  improving  compositions  written  in  eccle* 
siastical  modes,  by  providing  their  notes  with  marks  of  transposi- 
tion in  accordance  with  the  scheme  of  our  major  and  minor  har* 
monies.  The  feeling  for  historical  artistic  conception  has  certainly 
made  little  progress  as  yet  among  our  musicians,  even  among 
those  who  are  at  the  same  time  musical  historians.  They  judge 
old  music  by  the  rules  of  modem  harmony,  and  are  inclined  to 
consider  every  deviation  from  it  as  mere  unskilfulness  in  the  old 
composer,  or  even  as  barbarous  want  of  taste.^ 

Hence  before  we  proceed  to  the  construction  of  scales  and  rules 
for  a  tissue  of  harmony,  we  must  endeavour  to  characterise  the 
principles  of  style,  at  least  for  the  chief  phases  of  the  develop- 
ment of  musical  art.  For  present  purposes  we  may  divide  these 
into  three  principal  periods : — 

1.  The  Homophonic  or  Unison  Music  of  the  ancients,  to  which 
also  belongs  the  existing  music  of  Oriental  and  Asiatic  nations. 

2.  The  Polyphonic  Music  of  the  middle  ages,  with  several 
parts,  but  without  regard  to  any  independent  musical  significance  of 
the  harmonies,  extending  from  the  10th  to  the  I7th  century,  when 
iu  passes  into 

3.  HaTTtwnic  or  Modem  Music,  characterised  by  the  indepen- 
dent significance  attributed  to  the  harmonies  as  such.  Its  sources 
date  back  from  the  16th  century. 

1.  Homophonic  Music. 

Simple  melody,  simg  by  a  single  voice,  is  the  original  form  of 
music  with  all  people.  It  still  exists  among  the  Chinese,  Indians, 
Arabs,  Turks,  and  modem  Greeks,  notwithstanding  the  greatly 
developed  systems  of  music  possessed  by  some  of  these  nations. 
That  music  in  the  time  of  highest  Grecian  culture,  neglecting 
perhaps  individual  instnunental  ornamentation,  cadences,  and  in- 
terludes, was  written  in  one  part,  or  that  the  voices  at  most  sang 
in  Octaves,  can  now  be  considered  as  established.    In  the  problems 

*  Thus  in  R.  G.  Kiesewetter's  historico-mnsical  writings,  which  are  otherwise  bo 
rich  in  facts  indnstriously  connected,  there  is  evidently  an  exaggerated  zeal  to  deny 
ercrything  which  will  not  fit  into  the  modem  msgor  and  minor  modes. 
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of  Aristotle  we  find  the  question :  *  Why  is  the  consonance  of  the 
Octave  alone  sung  ?  For  this  and  no  other  consonance  is  played 
on  the  mag^is.'  This  was  a  harp-shaped  instrument  [with  a 
bridge  dividing  the  strings  at  one-third  their  length].  In  another 
place  he  remarks  that  the  voices  of  boys  and  men  form  an  Octave 
in  singing.' 

Solo  music  considered  independently  and  unaccompanied  by 
words,  is  too  poor  in  forms  and  changes  to  develop  any  of  the 
greater  and  richer  forms  of  art.  Hence  purely  instnunental  music 
at  this  stage  is  necessarily  limited  to  short  dances  or  marches. 
We  really  find  no  more  among  nations  that  have  no  harmonic 
music.  Performers  on  the  flute  ^  have  certainly  repeatedly  gained 
the  prize  in  the  Pythian  games,  but  it  is  possible  to  perform  feats 
of  execution  in  instrumental  music  in  concise  forms  of  composition, 
as,  for  example,  in  the  variations  of  a  short  melody.  That  the 
principle  of  var3ring  {firrafiaXSjiiv)  a  melody  with  reference  to 

M^ldtof,  Frob.  xix.  18.  [Translated  in  the  text.]  Aiik  ri  IfiUv  iori  rh  v^iAi^mpw  rov 
Sfio^pov;  *'H  Koirh  i»kv  iurrlpvpow,  <r6f*i^r6if  4im  5i&  wmrmf\  Ik  va/B«v  7^^  Wo»y  vol 
utf^pAifj  yir§rai  rh  iurrUpairow  et  iiMirraai  rots  rdi^ois,  its  wlfni  wp6s  r^v  6rin|v.  Frob. 
xix.  89.  ['  Why  is  a  consonant  union  of  voices  pleasanter  than  a  single  voice  ?  Is 
the  singing  of  voice  against  voice,  a  consonant  nnion  of  voices  in  Octaves?  This 
singing  of  voice  against  voice  occurs  when  young  boys  and  men  sing  together,  and 
their  tones  differ  as  the  highest  from  the  lowest  of  the  scale.*]  Towards  the  end  of  the 
songs  the  instrumental  accompaniment  seems  to  have  separated  itself  from  the  voice. 
Frobably  this  is  what  is  meant  by  the  krousis  in  the  passage  rcXcvrwtf'flus  8*  elf  ro^r^r, 
Ir  iral  icoivhp  rh  tpyov  avfifiairti  yirtoBtu^  KoBdwfp  ro7s  tvh  r^v  tf^ff^  Kpoioviri'  «al 
yiip  n^oi  rh,  AXXa  oh  irpoffeatkovyrts,  4iip  tis  rainhr  Korrturrpd^cHrtPf  ^b^poiwowri  /liXXoif 
r^  r/Xci,  fj  kvwoviri  reus  irpb  rov  r4\ovs  ita^opcus,  r^  rh  ix  Zta/p6pttw  rh  Koiwhw^  ^urror 
4k  rov  8i&  reurctfr  ytrtaOeu.  Arist.  Frob.  xix.  30.  ['  But  when  they  end  in  the  same,  the 
matter  is  precisely  similar  to  what  occurs  wh(n  they  play  an  accompaniment  to  a  song. 
For  the  accompanyists  do  not  follow  the  rest,  but  when  the  singers  return  to  the 
same,  they  please  more  in  the  end,  or  displease  more  in  the  differences  before  the  end, 
by  which  means  the  common  part  in  what  is  generally  different,  pleases  more  than 
anything  but  the  Octave.*]  See  also  *  Flutarch  de  Musica,*  xix.  xxviii.  That  the 
Greeks  knew  the  effect  of  consonances  and  did  not  like  it,  appears  by  the  following 
passage  from  'Aristotle  de  Audibilibus,*  cd.  Bekker,  p.  801:  'For  tliis  reason  we 
understand  a  single  speaker  better  than  many  who  are  saying  the  same  things  at 
tlie  same  time.  And  so  with  strings.  And  much  less,  when  flute  and  lyre  are 
played  at  the  same  time,  because  the  voices  are  confused  by  the  others.  And  this  is 
very  plain  for  the  consonances.  For  both  tones  are  concealed,  one  by  the  other.' 
Aih  iral  fiaWor  ivhs  iuco6oin-€S  avyitfitPf  fj  voAAtfy  Afia  rainii  \ty6vroiv'  KoBdrtp  iral  M 
r&p  x<^P^^^  'f*^  '^^^  ^rowt  Uray  wpoiravKp  rts  A/ta  jrol  KtBaplCjif  iik  rh  <rvyx*ufBai  vis 
^v&T  inch  T&v  Mpoty.  Obx  lj<«<rra  w  toPto  M  r&y  vvfi^otpi&p  ^av9p6r  4<my,  *A/i^o- 
r4pous  y^Lp  knoKp^irr^irBcLi  trvfifiaivu  rohs  iixovs  6r'  &A.\^\»r. 
*  The  aukol  were  perhaps  more  like  our  oboos. 
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dramatical  expression  {/jLifjirftn?),  was  known  to  the  Greeks,  follows 
also  from  Aristotle.  He  describes  the  matter  very  plainly,  and 
remarks  that  choruses  must  simply  repeat  the  melodies  in  the 
antistrophes,  because  it  is  easier  for  one  than  for  several  to  intro- 
duce variations.  But  public  competitors  {arya>vurral)  and  actors 
(JnroKpiToi)  are  able  to  grapple  with  these  difficulties.' 

Extensive  works  of  art,  in  homophonic  music,  are  only  possible 
in  connection  with  poetry,  and  this  was  also  the  way  in  which 
music  was  applied  in  classical  antiquity.  Not  only  were  songs 
(odes)  and  religious  hymns  sung,  but  even  tragedies  and  long  epic 
poems  were  performed  and  recited  in  some  musical  manner,  and 
accompanied  by  the  lyre.  We  are  scarcely  in  a  condition  to  form 
a  conception  of  how  this  was  done,  because  modem  taste  points 
in  precisely  the  opposite  direction,  and  demands  from  a  great 
declaimer  or  public  reader  that  he  should  produce  a  dramatic  effect 
true  to  nature  by  the  speaking  voice  alone,  rating  all  approach  to 
singing  as  one  of  the  greatest  of  faults.  Perhaps  we  have  some 
echoes  of  the  ancient  spoken  song  in  the  singing  tone  of  Italian 


>  [AiA  ri  ol  fikp  w6iioi  ohit  4y  ianurrp6^ts  hrotovrro*  ai  8i  iWtu  ^8a2  at  xopuad ;  *H 
5ri  ol  fi^y  w6tJML,  iyaopurrAp  ilitrayj  £r  ffSi}  pufitUrBat  Zvvofiivwf  icol  SMtrcfvcoOai,  ^  ^^ 
i^pero  fuueph  irol  itoAvciS^t;  icaBdwtp  oZp  «ca2  rii  ^i^/xora,  ica2  rii  M*M  ''V  M'M^^''*' 
ilKo\o&Ou  del  ?Tcpa  yip6fi€va.  MaXXor  yhp  r^  /xc'Xfi  i»dyini  fufititrdai,  ^  rots  ^nxun. 
At*  ft  «od  o/  liBitfOfi&oi^  hr^i^  fiififiriKol  ^4poyTo^  ovk  tri  ^x^^^  iLirn<rrp6povSf  Tpirtpop 
Z\  tlxop,  Alrioy  8^,  8ri  rh  wa\aihp  ol  i\ti$tpoi  ix^P*^'^  aifroi,  TloXXols  oZp  ieyttpurrt^ 
ir«f ,  fitip,  x^^f^  ^"^  '^^^f^*  4papfi6pia  iiSiWop  fidkri  ivp^op,  MerafidWfOf  yiip  veXX^ 
firrafioXiis  r^  M  P^Vt  ^  Totf  iroAAotf,  irol  t^  iyctpurrf,  ^  ro7s  rh  H6os  ^vXdrrowri,  Ai' 
h  avXaOtrrtpa  ivotovpro  ahrols  rh,  fidkri,  *H  8i  Airr/aTpo^of,  awXovp,  *ApiOfihs  ydp  iffrt^ 
Kcd  M  fitrpttreu.  Tb  8*  ainh  aXriop  icai  Jii6rt  rk  fikp  iiwb  rijs  <nefivris  oinc  iurriorpo^  rd 
8^  rod  xopoO  kpricrpo^  *0  ftir  yhp  bvoKpir^i  kyuvurr^s  [iral  fUfiirHfs  *]  6  9k  x^P^'f  ^rror 
fufuirai.  Arist.  Probl.  xix.  15.  '  Why  are  thomes  (nomoi)  not  used  in  antistrophie 
singing,  while  all  other  choml  singing  is  employed?  Is  it  because  themes  belong  to 
public  performers  who  are  already  able  to  imitate  and  extend,  and  hence  would  make 
their  song  long  and  very  fignrate  ?  For  melodies,  like  words,  follow  imitation  and 
change.  It  is  more  necessary  for  melody  to  imitate,  than  for  words.  Wherefore 
dithyrambic  poets  also  when  they  became  mimetic,  disused  their  previous  antistrophie 
singing.  The  reason  is  that  formerly  gentlemen  (eleiUheroi)  used  to  sing  the  choruses 
themselves.  It  was  difficult  for  many  to  sing  like  public  performers.  So  they  rather 
intoned  suitable  melodies.  For  it  is  easier  for  one  to  make  numerous  changes  than 
for  many  to  do  so,  and  for  a  public  performer  than  for  those  who  retained  old  usage. 
Hence  the  melodies  were  made  simpler  for  them.  Now  antistrophie  singing  is  simple, 
for  it  depends  on  number,  and  is  measured  by  a  unit.  The  same  reason  shows  why 
the  parts  of  the  actors  are  not  antistrophie,  but  those  of  the  chorus  are  so.  For  the 
actor  is  a  public  performer  [and  a  mime],  but  the  chorus  does  not  imitate  so  well.' — 
Tranaiator,] 


d 
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declaimers,  and  the  liturgical  reeitations  (intoning)  of  the  Boman 
Catholic  priests* 

Indeed,  attentive  observations  on  ordinary  conversation  shews 
ns  that  r^^ular  musical  intervals  involuntarily  recur,  although  the 
singing  tone  of  the  voice  is  concealed  under  the  noises  which  char- 
racterise  the  individual  letters,  and  the  pitch  is  not  held  firmly, 
but  is  frequently  allowed  to  glide  up  and  down.  When  simple 
sentences  are  spoken  without  being  affected  by  feeling,  a  certain 
middle  pitch  is  maintained,  and  it  is  only  the  emphatic  words  and 
the  conclusions  of  sentences  and  clauses  which  are  indicated  by 
change  of  pitch.^  The  end  of  an  affirmative  sentence  followed  by 
a  pause,  is  usually  marked  by  the  voice  falling  a  Fourth  from  the 
middle  pitch.  An  interrogative  ending  rises,  often  as  much  as  a 
Fifth  above  the  middle  pitch.  For  example  a  bass  voice  would 
say: 

t 


Ich      hm  tpa  -  Uie  -  rm    g€  -  gan  -  gem, 

I      have       been  walk  -  ing  thi«  mom  -  iDg. 


Pr-i-rr 


± 


Bid      du  epa  -  tsie  -  ren    ge  -  gan  -  genf 

Have   you        been  walk  -  ing  this  mom  -  ing  P 

Emphasised  words  are  also  rendered  prominent  by  their  being 
spoken  about  a  Tone  higher  than  the  rest,'  and  so  on.  In  solemn 
declamation  the  alterations  of  pitch  are  more  numerous  and  com- 
plicated. Modem  recitative  has  arisen  from  attempting  to  imitate 
these  alterations  of  pitch  by  musical  notes.  Its  inventor,  Giacomo 
Peri,  in  the  preface  to  his  opera  of  Eurydice,  published  in  1 600, 
distinctly  says  as  much.  An  attempt  was  then  made  to  restore 
the  declamation  of  ancient  tragedies  by  means  of  recitative. 
Ancient  recitation  certainly  differed  somewhat  from  modem  re- 
citative, by  preserving  the  metre  of  the  poems  more  exactly,  and 

1  [Prof.  Helmholtc's  obsenrAtions  on  ipeaking  moBt  be  read  in  reference  to  North 
German  habits  only. — Trandator.'] 

*  [By  no  meani  uniformly,  even  in  North  Germany.  The  habits  of  different 
nations  here  vary  greatly.  In  Norway  and  in  Sweden  the  voice  is  regularly  raised  on 
nnemphatic  syllables.  In  Scotland  the  emphasis  is  often  marked  by  lowering  the 
pitch. — Translator,'] 


Chap.  XIII.  PERIOD  OF  HOMOPHONIC  MUSIC.  365 

by  having  no  accompanying  harmonies.  Nevertheless  oiir  recita- 
tive, when  well  performed,  will  give  us  a  better  conception  of  the 
degree  in  which  the  expression  of  the  words  can  be  enhanced  by 
musical  recitation,  than  we  can  obtain  from  the  monotonous 
repetition  of  the  Roman  liturgy,  although  the  latter  perhaps  is 
more  nearly  related  in  kind  to  ancient  recitation  than  the  former. 
The  settlement  of  the  Roman  liturgy  by  Pope  Gregory  the  Great 
(a.d.  590  to  604)  reaches  back  to  a  time  in  which  reminiscences 
of  the  ancient  art,  although  faded  and  deformed,  might  have  been 
in  some  degree  handed  down  by  tradition,  especially  if,  as  we  are 
probably  entitled  to  assimie,  Gregory  really  did  little  more  than 
finally  establish  the  Roman  school  of  singing  which  had  existed 
from  the  time  of  Pope  Sylvester  (a.ik  314  to  335).  The  majority 
of  these  formulae  for  lessons,  collects,  &c.,  evidently  imitate  the 
cadence  of  ordinary  speech.  They  proceed  at  an  equal  height ; 
particular,  emphatic,  or  non-Latin  words  are  somewhat  altered  in 
pitch ;  and  for  the  punctuation  certain  concluding  forms  are 
prescribed,  as  the  following  for  lessons,  according  to  the  customs 
of  Miinster.* 


^m^ 


Sic  eofi'ta   cam-ma,      tic    du  -  o    punc-ta:      sic    ve  -  ro  ptmc4um. 
Thus  sing  the  coxn-xna,     and  thus  the   co  -  Ion :    and  thus  the  fuU  stop. 


Sic      mg  -  num     in  -   tar  -  ro  -  ga   -   U   ^    o    -    nisf 
Thus   sing     the    mark    of       in  -  ter  -  ro   -  ga  -  tion  ? 

These  and  similar  final  formulae  were  varied  according  to 
the  solemnity  of  the  feast,  the  subject  treated,  the  rank  of  the 
priest  that  sang  and  that  answered,  and  so  on.^  It  is  easy  to  see 
that  they  strove  to  imitate  the  natural  cadences  of  ordinary  speech, 
and  to  give  them  solemnity  by  eliminating  their  individual  irregu- 

'  Antony, '  Lehrbuch  des  Gregorianischen  Kirchengesangee*  [Manual  of  Gregorian 
Church-music],  MiiuBter,  1829.  According  to  the  information  collected  bj  F^ii  (in 
his  'Histoire  g^n^rale  de  Musique/  Paris,  1860,  toI.  i.  chap.  6),  it  has  become  doubt- 
ful whether  this  system  of  declamation  with  prescribed  cadenees,  is  not  rather  to  be 
deduced  from  the  Jewish  ritual  chants.  In  the  oldest  manuscripts  of  the  Old  Testa- 
ment, there  are  26  different  signs  employed  to  denote  cadences  and  melodic 
phrasea  of  this  kind*  The  fieu^  that  the  corresponding  signs  of  the  Greek  Church  are 
Egyptian  demotic  characters,  hints  at  a  still  older  E^^yptian  origin  for  this  notation. 
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larities.  Of  course  in  siich  fixed  formula  no  r^[ard  can  be  paid  to 
the  grammatical  sense  of  the  clauses,  which  suffers  much  in  various 
ways  from  the  intoning.  Similarly  we  may  suppose  that  the 
ancient  tragic  poets  prescribed  the  cadences  of  speech  to  their 
actors,  and  preserved  them  by  a  musical  accompaniment.  And 
since  ancient  tragedy  kept  much  further  aloof  from  the  realistic 
than  our  modem  drama,  as  is  shewn  by  the  artificial  rhythms,  the 
unusual  rolling  words,  the  immovable  strange  masks,  it  could  admit 
of  a  more  singing  tone  for  declamation  than  would,  perhaps,  please 
our  modem  ears.  Then  we  must  remember  that  by  emphasising 
or  increasing  the  loudness  of  certain  words,  and  by  rapidity  or  slow- 
ness of  speech,  or  pantomimic  action,  much  life  can  be  thrown  into 
delivery  of  this  kind,  which  would  certainly  be  insufferably  mono- 
tonous if  not  thus  enlivened. 

But  in  any  case  homophonic  music,  even  when  in  olden  time 
it  had  to  accompany  extensive  poems  of  the  highest  character, 
necessarily  played  an  utterly  subordinate  part.  The  musical  turns 
must  have  entirely  depended  on  the  changing  sense  of  the  words, 
and  could  have  had  no  independent  artistic  value  or  connection 
without  them.  A  peculiar  melody  for  singing  hexameters  through- 
out an  epic,  or  iambic  trimeters  throughout  a  tragedy,  would  have 
been  insupportable.'     Those  melodies  {yofioi)  which  were  allotted 

>  [We  must  remember  that  the  Greek  and  Latin  so-called  accents  consisted  solely 
in  alterations  of  pitch,  and  hence  to  a  certain  extent  determined  a  melody.  See 
Dionysius  of  Halicamassus,  ir%p\  <rvv9ivf«os  hvoyuifrotv^  chap,  xi.,  cited  at  length  and 
translated  in  my  '  Qnantitative  Pronunciation  of  Latin/  p.  27,  note,  where  we  also 
find  that  in  his  day  (first  century  before  Christ)  the  musical  composers  transgressed 
at  pleasure  the  rules  of  both  accent  and  quantity.  But  if  the  written  accents  in 
Greek,  and  the  accents  as  determined  by  the  rules  of  grammarians  in  Latin,  are  care- 
fully examined,  it  will  be  found  that  every  line  in  a  Greek  or  Latin  poem  had  its  own 
distinct  melody,  the  art  of  the  poet  being  shewn  by  the  great  variability  of  pitch 
coigoined  with  a  constant  quantity  or  rhythm.  This  would  give  the  following  result 
for  the  opening  lines  of  the  Siad.  The  measures  are  marked  by  bars,  and  half 
measures  by  colons ;  the  rise  by  r,  faU  by  /,  and  even  pitch  (or  that  of  the  preceding 
syllable,  whatever  it  was)  by  f,  and  an  occasional  final  <  rest '  by  ( — ). 

|rf:erj     f:ee|r     :      f|e:er|      f:ee|rf:e-| 

|e     :er|     f:      r|f     :rf|e:rf|      r:fr|      f:e-| 
oh-   K0'fi4'     vriv,  %     fiv  -  pC  &-XA<-or5  (U-7C*  ^-       0r}'K€P, 

|e     :      r|      f:      r|f     :     e|r:ofi      e : e r J      f:e-| 
iroX    -  A<if     8*  i<f>-  Ol'fjLovs       4^-xas  4-t-        Bi    wpo4-     aif^-cv 

|e      :      r|      f:      e I r^    :of,r:fe|rf:er|      fre- 
ri'         pd-     wy,      ah-rohs    84  k-Xw-pi-a.      T*i/-x<  «cw-     yfa-trty 
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to  odes  and  tragic  choruses,  were  certainly  &eer  and  more  inde- 
pendent. For  Qdes  there  were  also  well-known  melodies  (the 
names  of  some  of  them  are  preserved)  to  which  &esh  poems  were 
continually  composed. 

In  the  great  artistic  works  just  mentioned,  then,  music  must 
have  been  entirely  subordinate ;  independently,  it  could  only  have 
formed  short  pieces.  Now  this  is  closely  connected  with  the  deve- 
lopment of  homophonic  music  as  a  musical  system.  Among  the 
nations  who  possess  such  music  we  always  find  certain  degrees  of 
pitch  selected  for  the  melodies  to  move  in.  These  scales  are  very 
various  in  kind,  partly,  it  would  seem,  very  arbitrary,  so  that  many 
appear  to  us  quite  strange  and  incomprehensible,  and  yet  the  beet 
gifted  among  those  nations  which  possess  them,  as  the  'Greeks, 
Arabs,  and  Indians,  have  developed  them  in  an  extremely  subtile 
and  varied  manner. 

When  speaking  of  these  systems  of  tones,  it  becomes  a  ques- 

|e     :      e|rf:rf|rf:ee|r:fe|r      :fe|      o:r      | 
ol     -      «#-roi-      <r(  Tf     vo-cifSi-ds    8*  ^T«-Aff- f-ro        fiov-K^i 

|e     :rf|r     :      f|rf:ee|e:r      |      f:er|      f:e-| 
4^      oZ      8^  ra-vp&  -  t«  Sihut-t^-         rriv  i-pi-      aay-rt 

|e     :      r|     f:er|f     :     elfir      |rf:ee|      e.'p     | 
&-         Tptl-  8iff  TC  &-iw|     €Uf-9pmy  iral       8c   -    of  &  -  x*^'^*^' 

Here  it  will  be  seen  that  erery  line  differs  from  the  preceding  materially,  and  it  would 
not  be  at  aU  difficolt  for  anj  one  with  a  little  mosical  skill,  and  the  help  of  a  common 
Greek  Ijre,  to  extemporise  an  effective  recitaUve,  especially  if  the  rising  and  foiling 
intenralfl  were  varied ;  the  intervals  after  a  fall,  although  marked  even,  might  graduaUy 
fiiU  further  (as  is  probable),  or  after  a  rise  might  rise  further.  A  similar,  but  not  so 
varied  a  melody  may  also  be  found  in  Latin,  as  in  the  opening  lines  of  Lucretius : 
|e:rf|e:  rf|  e:  r  f  |  ele  |r:  f  e|r:f 
ae-ni-a-dum  gS-ne-trix  ho-mi-num  di'Vum-que  vo-lup-tas 

|r:fr|f:r|f:        e|e:     e|r:fe|r:f 
6l-ma  0^  nu8  c6e-  li        mtlh-  ter    U    -bhi'ti'  a   Hg-na 

|r:r    f|   e:rf|    r:        e|r:     f|   e:   e    e|r:f 
^ttoe  rnd-re  na-vl-ge-  rum,  quae  tir-ras  fru-gi'fe^n'tea 

|e:r    f|   e:     e|   r:r^    f|e:rf|   r:  f    e|r:f 
eon-ci-U-   bras  ;per  te  qu6-ni-am  gi-nus  6m-ne^  a-ni-mdu'tum 

I  e  :  r    f  I   e  :    e   I   r  :  f  |  r  :     f  |   r  :  f    e  |  r  :  f 

etm^i^i'  tur   vi-    nt-  que  ex-sdr-  turn  lu^mi-na    $64U, 

The  constant  final  cadence  |  r  :  f  e  |  r  :  f  |  ,  which  became  almost  stereotyped  in 
Virgil  and  other  later  poets,  must  have  been  very  wearisome,  notwithstanding  the 
attempt  always  made  to  vary  the  melody  of  the  first  four  measures  of  Latin  hexa- 
meters. No  doubt  the  Greeks  looked  down  with  great  contempt  on  the  melody  ol 
Latin  verse.  See  my  paper  *  On  the  Physical  Constituents  of  Accent  and  Kmphasis,' 
in  the  *  Transactions  of  the  Philological  Society,*  for  1873-4,  pp.  113-164,  and  mj 
tract  on  Latin  above  cited. — Translator, "] 
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tion  of  essential  importance  for  our  present  purpose,  to  inquire 
whether  they  are  based  upon  any  determinate  reference  of  all  the 
tones  in  the  scale  to  one  single  principal  and  fundamental  tone, 
the  tonic  or  key-note.  Modem  music  effects  a  purely  musical 
internal  connection  among  all  the  tones  in  a  composition,  by 
making  their  relationship  to  one  tone  as  perceptible  as  possible  to 
the  ear.  This  predominance  of  the  tonic,  as  the  link  which  con- 
nects all  the  tones  of  a  piece,  we  may,  with  F^tis,  term  the 
principle  of  tonality.  This  learned  musician  has  properly  drawn 
attention  to  the  fact  that  tonality  is  developed  in  very  different 
degrees  and  manners  in  the  melodies  of  different  nations.  Thus 
in  the  songs  of  the  modem  Greeks,  and  chants  of  the  Greek 
Church,  and  the  Gregorian  tones  of  the  Roman  Church,  they  are 
not  developed  in  a  manner  which  is  easy  to  harmonise,  whereas, 
according  to  F^tis,'  it  is  on  the  whole  easy  to  add  accompanying 
harmonies  to  the  old  melodies  of  the  northern  nations  of  German, 
Celtic,  and  Sclavonic  origin. 

It  is  indeed  remarkable  that  though  the  musical  writings  of 
the  Greeks  often  treat  subtile  points  at  great  length,  and  give  the 
most  exact  information  about  all  other  peculiarities  of  the  scale, 
they  say  nothing  intelligible  about  a  relation  which  in  our  modem 
system  stands  first  of  all,  and  always  makes  itself  most  distinctly 
sensible.  The  only  hints  to  be  found  concerning  the  existence  of 
the  tonic  are  not  in  especial  musical  writings,  but  as  before  in  the 
works  of  Aristotle,  who  asks : — 

<  Why  is  it  that  if  anyone  alters  the  tone  on  the  middle  string 
(jihrrf)  after  the  others  have  been  tuned,  and  plays,  every  thing 
sounds  amiss,  not  merely  when  he  comes  to  this  middle  tone,  but 
throughout  the  whole  melody  ?  but  if  he  alters  the  tone  played  by 
the  forefinger  (\ix«M^*)  or  any  other,  the  difference  is  only  per- 
ceived when  that  string  is  struck  ?  Is  there  a  good  reason  for 
this  ?  All  good  melodies  often  employ  the  tone  of  the  middle 
string,  and  good  composers  often  come  upon  it,  and  if  they  leave 
it  recur  to  it  again ;  but  this  is  not  the  case  with  any  other  tone.* 
Then  he  compares  the  tone  of  the  middle  string  with  conjunctions 
in  language,  such  as  ^  and '  and  ^  then,'  without  which  language 
could  not  exist,  and  proceeds  to  say :  ^  In  this  way  the  tone  of  the 
middle  string  is  a  link  between  tones,  especially  of  the  best  tones, 

>  Fitis,  •  Bipgraphie  universelle  des  Muaiciens/  vol.  i.  p.  126. 
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because  its  tone  most  frequently  recurs.'  *  And  in  another  place  we 
find  the  same  question  with  a  slightly  different  answer, '  Why  do 
the  other  tones  sound  badly  when  the  tone  of  the  middle  string 
is  altered  ?  but  if  the  tone  of  the  middle  string  remains,  and 
one  of  the  others  is  altered,  the  altered  one  alone  is  spoiled? 
Is  it  because  that  all  are  tuned  and  have  a  certain  relation 
to  the  tone  of  the  middle  string,  and  the  order  of  each  is  deter- 
mined by  that  ?  The  reason  of  the  tuning  and  connection  being 
removed,  then,  things  no  longer  appear  the  same.'*  In  these 
sentences  the  esthetic  significance  of  the  tonic,  under  the  name 
of  *  the  tone  of  the  middle  string,'  is  very  accurately  described. 
To  this  we  may  add  that  the  Pythagoreans  compared  the  tone 
of  the  middle  string  with  the  sun,  and  the  other  tones  in  the 
scale  with  the  planets.^     It  appears  as  if  it  had  been  usual  to 

*  Atk  t\,  ii»  fi4w  Tis  r^y  fi4irny  ictr4i<rp  rin&Pf  apfi6aas  [8i]  t^  tKKas  xop^St  ic^xinrrai 
r^  ipfydr^^  ob  fi6pow  Zraif  Kork  rhr  r^s  fiitrris  y4inirai  ^6')yov,  Xinrc7,  ira2  ^aivrrai 
irdpfjioirror,  &XAA  koI  tcark  r^r  ftAAijir  /xcX^tay*  Hu^  8i  r^r  Aix<u'^*'»  4  t^*^  &XXoy 
ip06yyop^  r6r9  ^aTrcTOi  9iap4p€iy  fiSyoy^  Uratf  Kiuctltfp  rU  XP^^  I  *^  thxSytfS  toDto 
cvfifiedpti;  vdyra  yiip  rii  xp^t*'^^  f-^^Vt  voWdxtt  rp  fi4<rp  Xfi^^^'  ^^  itdm^s  ol  hyoBoX 
voii|Ta2,  Tvicr^  itfhs  T^y  fi4<nir  inrayru<rt'  irfy  ii,ir4\09PCt  rax^  iw(Uf4pxorTai'  Vfjhs  8^ 
ftXXijv  oSr«f  odSc/i/oy.  KaBdwtp  4ic  rvy  \6yotv  4vlotp  i^aip^4vrup  irv¥h4(riJMv,  oIk  t<rrut 
6  xAyos  *EW7Iihk6s'  {otop  rh  r^,  ical  rh  to\)  iral  l[¥un  Jih  oitO^p  \vwovat'  8>&  rh  ro7s  fur, 
iunKyKoiov  c7nu  xp^^^^cu  voXXcdrtf ,  ^  olm  %<rrai  >u&yos  'EXXijrijrdf  *  rots  8i,  /a^  *  othn  icaX 
r&p  ^irfymw  ri  fUarif  &<rr9p  irMtirfios  4tm,  Ktd  fidkurra  rwp  koXAv,  8iA  rh  wXturrdxtt  * 
ipvwdpx^u^  rhr  ^Syyor  ainiis.  Arist.  Prob.  xix.  20*  [The  names  of  Greek  tones 
were  those  of  the  strings  on  the  lyre  by  which  they  were  played,  just  as  if  in 
English  we  were  to  call  the  tones  ^,  d\  a!,  e^,  the  tones  of  the  fourth,  third,  second, 
and  first  strings  respectively,  bt^sause  they  are  produced  as  the  open  notes  of  these 
strings  on  the  violin,  and  contracted  them  to  fourth,  third,  &c,  only  omitting  the 
word  string.  As  the  violin  when  held  sideways  in  playing,  throws  the  g  string 
uppermost,  and  the  e"  string  the  lowermost,  we  might  in  the  same  way  call  g  the 
*  uppermost  note,'  dvotrij,  although  lowest  in  pitch,  and  e''  the  '  lowermost  note,*  r^ni, 
although  highest  in  pitch.  Then  d  might  be  called  the  middle,  ti4aii,  being  really  the 
keynote  of  the  violin  and  one  of  the  two  middle  strings.  This  illustrates  the  Greek 
names  very  closely,  for  the  lyre  was  held  with  the  string  sounding  the  lowest  note, 
uppermost.    See  the  scale  on  the  next  page. — Trandator,] 

*  Ai&  rl,  ii»  fi^y  71  fi4<ni  KUftfirj,  iral  at  iXKai  x^p^  iixoi<rt  ^<77<{fiffnu  *  (one  of  my 
ooUeagues,  Prof.  Stark,  conjectures  that  in  place  of  ^cyyd/ytcMu,  which  makes  nonsense, 
we  should  read  <pB€ip6fi§rcu  *)  iiiy  Zl  ai  ii  filr  fi^yp*  '''^^  ^  KAA«r  rXs  KuniOii,  icartiBtura 
§i6inil  ^4yyer(u ;  (for  which  Prof.  Stark  again  proposes  ^tlperat ;)  *H  8t«  rh  iipftAffSai 
iffrhf  awiffus,  [rh  W  ^x'ty  w«f  vphs  r^r  fi4inip  axJ^ms],  col  ^  rd^is  ^  <irtttfn|f,  <J8i|  81 
4K9liniw ;  4ipd4yros  dlv  rov  airlov  rou  ripfji6ff$ai  jral  rov  avp4xorros,  ohK  iri  dfioltfs  ^otycroi 
irwipx*^'     Arist.  Probl.  xix.  36. 

«  Nicomachus,  *  Harmonics,*  lib.  i.  p.  6.  ed.  Meibomii.  [The  following  is  Nicho- 
machus's  arrangement  of  the  comparison,  with  his  reasons : 

Saturn  hypate,  as  being  highest  in  position,  ffrorov  yitp  rh  h^»rop^ 
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begin  with  the  tone  of  the  middle  string  above-mentioned, 
for  we  read  in  the  33rd  problem  of  Aristotle :  *  Why  is  it  more 
agreeable  to  proceed  from  high  pitch  to  low  pitch,  than  from 
low  pitch  to  high  pitch  ?  Can  it  be  that  we  thus  begin  at  the 
beginning  ?  for  the  tone  of  the  middle  string  is  also  the  leader  of 
the  tetrachord  and  highest  in  pitch.  The  second  way  would  be  to 
begin  at  the  end  instead  of  at  the  beginning.  Or  can  it  be  that 
tones  of  lower  pitch  sound  nobler  and  more  euphoneous  after  tones 
of  high  pitch  ?'^  This  seems  also  to  shew  that  it  was  not  the 
custom  to  end  with  the  tone  of  the  middle  string,  which  com- 
menced, but  with  the  tone  of  lowest  pitch  [produced  by  the  upper- 
most string  or  Hypate],  of  which  last  tone  Aristotle,  in  his  4th 
problem,  says  that,  as  opposed  to  its  neighbour,  the  tone  of  lowest 
pitch  but  one,  [due  to  the  string  of  highest  position  but  one,  or 
Parhypate^l  it  is  sung  with  complete  relaxation  of  all  the  eflFort 
that  is  felt  in  the  other.*  These  words  of  Aristotle  may  certainly 
be  applied  to  the  national  Doric  scale  of  the  Greeks,  which,  in- 
creased by  Pythagoras  to  eight  tones,  was  as  follows  : — 


Tetrachord  of 
lowest  pitch' 


E  Hyp&t5        •        .        •        . 

F  Parhyp&t5  .... 

G  Lich&nos     .... 

^  A  MIse  (tone  of  middle  Btring) 


Tetnchord  of 
highest  pitch 


(B  ParamM 
C  Trite   . 
D  ParanStS 
E  NgtS    . 


'Mirti      uppermost  string] 
vapvwdm  next  to  uppermost  string] 
Klxau^s     forefinger  string] 
'ji4ff7i        middle  string] 

yapafi4ffji  next  to  middle  string] 
rplrri        third  string] 
vopoy^ni  next  to  lowermost  string] 
'yfrni         lowermost  string] 


In  modern  phraseology  the  last  description  cited  from  Aristotle 
implies  that  the  Parhypate  was  a  kind  of  descending  ^leading 


JwgiteT  parhf/pate,  as  next  highest  to  Saturn. 

Mars  lichanos  or  hypermese,  as  between  Jupiter  and  the  sun. 

The  Sun  mesS,  as  lying  in  the  middle,  the  fourth  fh>m  either  end,  middlemost 
string  and  planet. 

ULercxiTj  paramesi,  as  lying  between  the  Sun  and  Venus. 

Venus  paraneatS,  as  lying  just  above  the  moon. 

The  Moon  netUit  as  being  lowest  of  all  in  position  and  next  the  earth,  mX  yitp 
viwroPj  rh  jror^aroy. — TVanslator,^ 

'  Ai&  ri  MhapfioarAr^pop  kwh  rod  6^4os  M  rh  fiof^,  fj  icwh  rod  fiap4of  iwi  rh  ^6 ; 
TUrtpoif  8ri  rh  &irb  rijs  &px9^  ylvtreu  Apx^irBai ;  ^  yitp  fi4ini  nol  fiy^fiinf  hlvrdni  rov 
rrrpaxSp9ov,  Th  8i  oIk  &«^  ^X^'t  ^^'  ^^^  rcXcvr^f.  *H  5ri  rh  fiaf>h  iarh  rov  i^4os 
y^yyaiArtpoPt  '^ct}  *{f^v6r€por ;  Arist.  Prob.  xix.  33. 

'  At^  rl  ik  rainnv  [r^r  Tofwirinyr]  x^'*'^'  [f Sointi],  r^v  tk  ticirriv  ^Imf  *  nalroi 
9l9ais  4Kar4peu  ;  ^  tri  fitr*  Ay^acwf  ^  diririf,  irol  ifia  fAtrk  rj^r  avwrwriv  iKn^php  r6 
^^(XActir ;  Arist.  Prob.  xix.  4. 
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note '  to  the  Hypate.     In  the  leading  tone  there  is  perceptible 
effort,  which  ceases  on  its  falling  into  the  fundamental  tone. 

If  then  the  tone  of  the  middle  string  answers  to  the  tonic,  the 
Hypate,  which  is  its  Fifth,  will  answer  to  the  Dominant.  For 
oar  modem  feeling  it  is  far  more  necessary  to  close  with  the  tonio 
than  to  begin  with  it,  and  hence  we  usually  take  the  final  tone  of 
a  piece  to  be  its  tonic  without  further  inquiry.  Modem  music 
however,  usually  introduces  the  tonic  also  in  the  first  beat  of  the 
opening  bar.  The  whole  mass  of  tone  is  developed  from  the  tonic 
and  returns  into  it.  Modem  musicians  cannot  obtain  complete 
repose  at  the  end  unless  the  series  of  tones  converges  into  its 
connecting  centre. 

Ancient  Greek  music  seems,  then,  to  have  deviated  from  ours 
by  ending  on  the  dominant  instead  of  the  tonic.  And  this  is  in 
fiill  agreement  with  the  intonation  of  speech.  We  have  seen  thart 
the  end  of  an  affirmative  sentence  is  likewise  fonned  on  the 
Fifth  next  below  the  principal  tone.'  This  peculiarity  has  also 
been  generally  preserved  in  modem  recitative,  in  which  the  singer 
usually  ends  on  the  dominant ;  the  accompanying  instruments  then 
make  this  tone  part  of  the  chord  of  the  dominant  Seventh,  leading 
to  the  tonic  chord,  and  thus  make  a  close  on  the  tonic  in  accord- 
ance with  our  present  musical  feeling.  Now  since  Greek  music 
was  cultivated  by  the  recitation  of  epic  hexameters  and  iambic 
trimeters,  we  should  not  be  surprised  if  the  above-mentioned 
peculiarities  of  chanting  were  so  predominant  in  the  melodies  of 
odes  that  Aristotle  could  regard  them  as  the  rule.* 

From  the  facts  just  adduced  it  follows  (and  this  is  what  we 
are  chiefly  concerned  with)  that  the  Greeks,  among  whom  our 
diatonic  scale  first  arose,  were  not  without  a  certain  esthetic  feel- 
ing for  tonality,  but  that  they  had  not  developed  it  so  decisively 
as  in  modem  music.  Indeed,  it  does  not  appear  to  have  even 
entered  into  the  technical  rules  for  constructing  melodies.  Hence 
Aristotle,  who  treated  music  esthetically,  is  the  only  known 
writer  who  mentions  it ;  musical  writers  proper  do  not  speak  of  it 

"  [This  would  be  entirely  crossed  by  the  Greek  system  of  pitch-accents,  just  as  it 
now  is  by  a  similar  system  in  Norwegian,  where  the  pitch  may  rise  for  both  affirmative 
and  interrogatiye  sentences.    But  see  p.  366,  note. — lYanslatarJ] 

«  Among  the  presumed  ancient  melodies  which  have  been  handed  down  to  us,  the 
fragment  of  the  Homeric  Ode  to  DemetSr,  which  has  been  published  by  B.  Marcello, 
shews  the  above-mentioned  peculiarity  very  distinctly. 
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at  all.  And  unfortuDately  the  indications  fumished  by  Aristotle 
are  so  meagre,  that  doubt  enough  still  exists.  For  example,  he 
says  nothing  about  the  differences  of  the  various  musical  modes  in 
reference  to  their  principal  tone,  so  that  the  most  important  point 
of  all  from  which  we  should  wish  to  regard  the  construction  of 
the  musical  scale,  is  almost  entirely  obscured. 

The  reference  to  a  tonic  is  more  distinctly  made  out  in  the 
scales  of  the  old  Christian  ecclesiastical  music.  Originally  the 
four  so-called  authentic  scales  were  distinguished,  as  they  had 
been  laid  down  by  Ambrose  of  Milan  (died  a.d.  398).  Not  one 
of  these  agrees  with  any  one  of  our  scales.  The  four  plagal  scales 
afterwards  added  by  Grregory,  are  no  scales  at  all  in  our  sense  of 
the  word.     The  four  authentic  scales  of  Ambrose  are : 


1) 

D 

E 

F 

0    A 

B 

c 

d 

2) 

E 

F 

0 

A    B 

c 

d 

e 

3) 

F 

0 

A 

B     c 

d 

e 

f 

4) 

0 

A 

B 

c      d 

e 

f 

9 

Perhaps,  however,  the  change  of  B  into  B\}  was  allowed  from 
the  first,  and  this  would  make  the  first  scale  agree  with  our  de- 
scending scale  of  D  minor,  and  the  third  scale  would  become  our 
scale  of  F  major.  The  old  rule  was  that  songs  in  the  first  scale 
should  end  in  D,  those  in  the  second  in  E,  those  in  the  third  in  F, 
and  those  in  the  fourth  in  Cr.  This  marked  out  these  tones  as 
tonics  in  our  sense  of  the  word.  But  the  rule  was  not  strictly 
observed.  The  conclusion  might  fall  on  other  tones  of  the  scale, 
the  so-called  confined  tones,  and  at  last  the  confusion  became  so 
great  that  no  one  was  able  to  say  exactly  how  the  scale  was  to  be 
recognised,  all  kinds  of  insufficient  rules  were  formulated,  and  at 
last  musicians  clung  to  the  mechanical  expedient  of  fixing  upon 
certain  initial  and  concluding  phrases,  called  tropes^  as  character- 
ising the  scale. 

Hence  although  the  rule  of  tonality  had  been  already  remarked 
in  these  medieval  ecclesiastical  scales,  the  rule  was  so  xmsettled 
and  admitted  so  many  exceptions,  that  the  feeling  of  tonality  must 
have  been  much  less  developed  than  in  modem  music. 

The  Indians  also  hit  upon  the  conception  of  a  tonic, 
although  their  music  is  likewise  adapted  for  one  voice  only. 
They  called   the  tonic  Anaa,^      Indian  melodies  as  transcribed 

'  Jones,  *  On  the  Music  of  the  Indians,  translated  bj  Dalberg,'  pp.  36,  37. 
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by  English  travellers,  seem  to  be  very  like  modem  European 
melodies.  Fetis  and  Coussemaker*  have  made  the  same  remark 
respecting  the  few  known  remains  of  old  German  and  Celtic 
melodies. 

Although  therefore  homophonic  music  was  not  entirely  without 
a  reference  to  some  tonic,  or  predominant  tone,  such  a  tone  was 
beyond  all  dispute  much  more  weakly  developed  than  in  modem 
music,  where  a  few  consecutive  chords  suffice  to  establish  the 
scale  in  which  that  portion  of  the  piece  is  written.  The  cause  of 
this  seems  to  me  traceable  to  the  undeveloped  condition  and  sub- 
ordinate part  which  characterises  homophonic  music.  Melodies 
which  move  up  and  down  in  a  few  tones  which  are  easily  compr^ 
hended,  and  are  connected,  not  by  some  musical  contrivance,  but 
by  the  words  of  a  poem,  do  not  require  the  consistent  application 
of  any  contrivance  to  combine  them.  Even  in  modem  recitative 
tonality  is  much  less  firmly  established  than  in  other  forms  of 
composition.  The  necessity  for  a  steady  connection  of  masses  of 
tone  by  purely  musical  relations,  does  not  dawn  distinctly  on  our 
feeling,  until  we  have  to  form  into  one  artistic  whole  large  masses 
of  tone,  which  have  their  own  independent  significance  without  the 
cement  of  poetry. 

2.  PoLTPHONio  Music. 

The  second  stage  of  musical  development  is  the  polyphonic 
music  of  the  middle  ages.  It  is  usual  to  cite  as  the  first  invented 
part-music,  the  so-called  organum  or  diaphony^  as  originally 
described  by  the  Flemish  monk  Hucbald  at  the  beginning  of  the 
tenth  century.  In  this,  two  voices  are  said  to  have  proceeded  in 
Fifths  or  Fourths,  with  occasional  doublings  of  one  or  both  in 
Octaves.  This  would  produce  intolerable  music  for  modem  ears. 
But  according  to  0.  Paul  ^  the  meaning  is  not  that  the  two  voices 
sang  at  the  same  time,  but  that  there  was  a  responsive  repetition 
of  a  melody  in  a  transposed  condition,  in  which  case  Hucbald 
would  have  been  the  inventor  of  a  principle  which  subsequently 
became  so  important  in  the  fugue  and  sonata. 

The  first  imdoubted  form  of  part-music  intentionally  for  several 
voices,  was  the  so-called  discantusj  which  became  known  at  the 
end  of  the  eleventh  century  in  France  and  Flanders.     The  oldest 

'  *Histoire  de  rHarmonie  au  moyen  Age,'  Paris,  1852,  pp.  5-7. 

3  *  Geschiclite  des  Clariers '  [History  of  the  Pianoforte],  Leipzig,  1868,  p.  49. 
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specimens  of  this  kind  of  music  which  have  been  preserved  are  of 
the  following  description.  Two  entirely  diflferent  melodies — and 
to  all  appearance  the  more  diflferent  the  better — were  adapted  to 
one  another  by  slight  changes  in  rhythm  or  pitch,  imtil  they 
formed  a  tolerably  consonant  whole.  At  first,  indeed,  there  seems 
to  have  been  an  inclination  for  coupling  a  liturgical  formula  with 
a  rather  *  slippery'  song.  The  first  of  such  examples  could 
scarcely  have  been  intended  for  more  than  musical  tricks  to  amuse 
social  meetings.  It  was  a  new  and  amusing  discovery  that  two 
totally  independent  melodies  might  be  sung  together  and  yet 
sound  well. 

The  principle  of  discant  was  fertile,  and  its  nature  was  suitable 
for  development  at  that  period.  Polyphonic  music  proper  was  its 
issue.  Diflferent  voices,  each  proceeding  independently  and  sing- 
ing its  own  melody,  had  to  be  imited  in  such  a  way  as  to  produce 
either  no  dissonances,  or  merely  transient  ones  which  were  readily 
resolved.  Consonance  was  not  the  object  in  view,  but  its  opposite, 
dissonance,  was  to  be  avoided.  All  interest  was  concentrated  on 
the  motion  of  the  voices.  To  keep  the  various  parts  together, 
time  had  to  be  strictly  observed,  and  hence  the  influence  of  discant 
developed  a  system  of  musical  rhythm,  which  again  contributed 
to  infuse  greater  power  and  importance  into  melodic  progression. 
There  was  no  division  of  time  in  the  Gregorian  Cantus  firmtis. 
The  rhythm  of  dance  music  was  probably  extremely  simple. 
Moreover,  melodic  movement  increased  in  richness  and  interest  as 
the  parts  were  multiplied.  But  the  establishment  of  an  artistic 
connection  between  the  diflferent  voices,  which,  as  we  have  seen,  were 
at  first  perfectly  free,  required  a  new  invention,  and  this,  though  it 
cropped  up  at  first  in  a  very  humble  form,  has  ended  by  obtaining 
predominant  importance  in  the  whole  art  of  modem  musical  com- 
position. This  invention  consisted  in  causing  a  musical  phrase 
which  had  been  sung  by  one  voice  to  be  repeated  by  another. 
Thus  arose  canonic  imitation,  which  may  be  met  with  sporadically 
as  early  as  in  the  twelfth  century.*  This  subsequently  developed 
into  a  highly  artistic  system,  especially  among  Flemish  composers, 
who,  it  must  be  owned,  ended  by  often  shewing  more  calculation 
than  taste  in  their  compositions. 

But  by  this  kind  of  polyphonic  music — the  repetition  of  the 

*  CouBsemakor,  loc.  cit.    DiBcant :  Custodi  nos,  Pl.  xxvii,,  No.  iv.,  translated  in 
p.  zxvii.,  No.  xxix. 
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same  melodic  phrases  in  succession  by  different  voices — ^it  first 
became  possible  to  compose  musical  pieces  on  an  extensive  plan, 
owing  their  connection  not  to  any  union  with  another  fine  art, 
poetry,  but  to  purely  musical  contrivances.  This  kind  of  music 
also  was  especially  suited  to  ecclesiastical  songs,  in  which  the 
chorus  had  to  express  the  feelings  of  a  whole  congregation  of 
worshippers,  each  with  his  own  peculiar  disposition.  It  was,  how- 
ever, not  confined  to  ecclesiastical  compositions,  but  was  also 
applied  to  secular  songs  (madrigals).  The  sole  form  of  harmonic 
music  yet  known,  which  could  be  adapted  to  artistic  cultivation, 
was  that  founded  on  canonic  repetitions.  If  this  had  been  rejected, 
nothing  but  homophonic  music  remained.  Hence  we  find  a  num- 
ber of  little  poems  set  as  strict  canons  or  with  canonical  repe- 
titions, which  were  entirely  unsuited  for  such  a  heavy  form  of 
composition.  Even  the  oldest  examples  of  instrumental  composi- 
tions in  several  parts,  the  dance  music  of  1529,^  are  written  in  the 
form  of  madrigals  and  motets,  a  character  of  composition  which, 
more  freely  treated,  lasted  down  to  the  suites  of  S.  Bach  and 
HandeFs  times.  Even  in  the  first  attempts  at  musical  dramas 
in  the  sixteenth  century,  there  was  no  other  way  of  making  the 
personages  express  their  feelings  musically,  than  by  causing  a 
chorus  behind  or  upon  the  stage  to  sing  over  some  madrigals  in  the 
fugue  style.  It  is  scarcely  possible  for  us,  from  our  present  point 
of  view,  to  conceive  the  condition  of  an  art  which  was  able  to 
build  up  the  most  complicated  constructions  of  voice  parts  in 
chorus,  and  was  yet  incapable  of  adding  a  simple  accompaniment 
to  the  melody  of  a  song  or  a  duet  for  the  purpose  of  filling  up 
the  harmony.  And  yet  when  we  read  how  Griacomo  Peri's  inven- 
tion of  recitative  with  a  simple  accompaniment  of  chorus  was 
applauded  and  admired,  and  what  contentions  arose  as  to  the 
renown  of  the  invention  ;  what  attention  Viadana  excited  when  he 
invented  the  addition  of  a  Basso  continuo  for  songs  in  one  or  two 
parts,  as  a  dependent  part  serving  only  to  fill  up  the  harmony  ;• 
it  is  impossible  to  doubt  that  this  art  of  accompanying  a  melody 
by  chords  (as  any  amateur  can  now  do  in  the  simplest  manner 
possible)  was  completely  imknown  to  musicians  up  to  the  end  of 
the  sixteenth  centiuy.  It  was  not  till  the  sixteenth  century  that 
composers  became  aware  of  the  meaning  possessed  by  chords  as 

>  Winterfeld,  'Johannes  Gabrieli  and  sein  Zeitalter,'  vol.  ii.  p.  41. 
'  Winterfeld,  ibid.,  vol  ii.  p.  19  and  p.  59. 
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forming  an   harmonic   tissue   independently  of  the    progression 
of  parts. 

To  this  condition  of  the  art  corresponded  the  condition  of  the 
tonal  system.  The  old  ecclesiastical  scales  were  retained  in  their 
essentials,  the  first  from  D  to  d,  the  second  from  E  to  e,  the  third 
from  F  io  fy  and  the  fourth  from  0  to  g.  Of  these,  the  scale  from 
Ftof  was  useless  for  harmonic  purposes,  because  it  contained  the 
Tritone  F — 5,  in  place  of  the  Fourth  F — B\},  Again,  there  was 
no  reason  for  excluding  the  scales  from  C  to  c  and  0  to  g.  And 
thus  the  ecclesiastical  scales  altered  under  the  influence  of  poly- 
phonic music.  But  as  the  old  unsuitable  names  were  retained 
notwithstanding  the  changes,  there  arose  a  terrible  confusion  in 
the  meaning  attached  to  modes.  It  was  not  till  nearly  the  end  of 
this  period  that  a  learned  theoretician,  Glarean,  undertook  in  his 
Dodecachordon  (Basle  1547)  to  put  some  order  into  the  theory  of 
modes.  He  distinguished  twelve  of  them,  six  authentic  and  six 
plagal,  and  assigned  them  Greek  names,  which  were,  however, 
incorrectly  transferred.  However,  his  nomenclature  for  ecclesias- 
tical modes  has  been  generally  followed  ever  since.  The  following 
are  Glarean's  six  authentic  ecclesiastical  modes,  keys,  or  scales,  with 
the  incorrect  Greek  names  he  assigned  to  them. 


Ionic   • 

.     CDEFOABc 

Doric  . 

.    DEFGABcd 

Phrygian 

.     EFOABcde 

Lydian 

.    FOABcdef 

Mixolydian  , 

.     OABcdefg 

Eolic   . 

.     ABcdefga 

Ionic  answers  to  our  major,  Eolic  to  our  minor  system. 
Lydian  was  scarcely  ever  used  in  polyphonic  music  owing  to  the 
false  Fourth  F — 5,  and  when  it  was  employed  it  was  altered  in 
many  difiFerent  ways. 

Inability  to  judge  of  the  musical  significance  of  a  connected 
tissue  of  harmonies  again  appears  in  the  theory  of  the  keys,  by  the 
rule,  that  the  key  of  a  polyphonic  composition  was  determined  by 
considering  the  separate  voices  independently.  Glarean  in  certain 
compositions  attributes  different  keys  to  the  tenor  and  bass,  the 
soprano  and  alto.  Zarlino  assumes  the  tenor  as  the  chief  part  for 
determining  the  key. 
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The  practical  consequences  of  this  neglect  of  harmony  are 
conspicuous  in  various  ways  in  musical  compositions.  The  com- 
posers confined  themselves  on  the  whole  to  the  diatonic  scale ; 
^accidentals,'  or  signs  of  transposition  were  seldom  used.  The 
Greeks  had  introduced  the  depression  of  the  tone  B  to  B\^  in  a 
peculiar  tetrachord,  that  of  the  aynemmenoi,  and  this  was  retained. 
Besides  this/ijj:,  cjf  and  gjj^  were  used,  to  introduce  leading  tones 
in  the  cadences.  Hence  modulation,  as  we  understand  it,  from 
the  key  of  one  tonic  to  that  of  another  with  a  dififerent  signature 
was  almost  entirely  absent.  Moreover,  the  chords  used  by  prefer- 
ence down  to  the  end  of  the  fifteenth  century,  were  formed  of  the 
Octave  and  Fifth  without  the  Third,  and  such  chords  now  sound 
very  poor,  and  are  avoided  as  much  as  possible.  To  medieval 
composers  who  only  felt  the  want  of  the  most  perfect  consonances, 
these  chords  appeared  the  most  agreeable,  and  none  others  might 
be  used  at  the  close  of  a  piece.  The  dissonances  which  occur  are 
universally  those  which  arise  from  suspended  and  passing  tones ; 
chords  of  the  dominant  Seventh,  which,  in  modem  harmony,  play 
such  an  important  part  in  marking  the  key,  and  in  connecting  and 
facilitating  progressions,  were  quite  imknown. 

Great,  then,  as  was  the  artistic  advance  in  rhythm  and  the 
progression  of  parts,  during  this  period,  it  did  little  more  for 
harmony  and  the  tonal  system  than  to  acciunulate  an  undigested 
mass  of  experiments.  Since  the  involved  progression  of  the 
parts  gave  rise  to  chords  in  extremely  varied  transpositions  and 
sequences,  the  musicians  of  this  period  could  not  but  hear  these 
chords  and  become  acquainted  with  their  effects,  however  little 
skill  they  shewed  in  making  use  of  them.  At  any  rate,  the 
experience  of  this  period  prepared  the  way  for  harmony  proper, 
and  made  it  possible  for  musicians  to  produce  it,  when  external 
circumstances  forced  on  the  discovery. 

3.  Harmonic  Music. 

Modem  harmonic  music  is  characterised  by  the  independent 
significance  of  its  harmonies  for  the  expression  and  the  artistic  con- 
nection of  a  musical  composition.  The  external  inducements  for  this 
transformation  of  music  were  of  various  kinds.  First  there  was  the 
Protestant  ecclesiastical  chorus.  It  was  a  principle  of  Protestantism 
that  the  congregation  itself  should  undertake  the  singing.     But  a 
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which  these  changes  exerted  on  the  constitution  of  the  tonal  sys- 
tem.    The  mode  of  connecting  musical  phrases  hitherto  in  vogue 
— canonic  repetitions  of  similar  melodic  figures — had  necessarily 
to  be  abandoned  as  soon  as  a  simple  hairmonic  accompanimient 
had  to  be  subordinated  to  a  melody.     Hence  some  new  means  of 
artistic  connection  had  to  be  discovered  in  the  sound  of  the  chords 
themselves.     This  was  effected,  first  by  making  the  harmonies 
refer  their  tones  much  more  definitely  to  one  pi*edominant  tonic 
than  before,  and  secondly  by  giving  firesh  strength  to  the  relations 
between  the  chords  themselves  and  between  all  other  chords  and 
the  tonic  chord.     In  the  course  of  our  investigations  we  shall  see 
that  the  distinctive  peculiarities  of  the  modem  system  of  tones 
can  be  deduced  from  this  principle,  and  that  the  principle  itself  is 
very  strictly  carried  out  in  our  present  music.   In  reality  the  mode 
in  which  the  materials  of  music  are  now  worked  up  for  artistic  use, 
is  in  itself  a  wondrous  work  of  art,  at  which  the  experience,  in- 
genuity, and  esthetic  feeling  of  European  nations  has  laboured  for 
between  two  and  three  thousand  years,  since  the  days  of  Terpander 
and  Pythagoras.      But  the  complete  formation  of  the  essential 
features  as  we  now  see  it,  is  scarcely  two  hundred  years  old  in  the 
practice  of  musical  composers,  and  theoretical  expression  was  not 
given  to  the  new  principle  till  the  time  of  Bameau  at  the  begin- 
ning of  last  century.     In  the  historical  point  of  view,  therefore,  it 
is  wholly  the  product  of  modem  times,  limited  nationally  to  the 
German,  Roman,  Celtic,  and  Sclavonic  races. 

With  this  tonal  system,  which  admits  great  wealth  of  form 
with  strictly  defined  artistic  consistency,  it  has  become  possible  to 
construct  works  of  art,  of  much  greater  extent,  and  much  richer  in 
forms  and  parts,  much  more  energetic  in  expression,  than  any 
producible  in  past  ages ;  and  hence  we  are  by  no  means  inclined  to 
quarrel  with  modem  musicians  for  esteeming  it  the  best  of  all, 
and  devoting  their  attention  to  it  exclusively.  But  scientifically, 
when  we  proceed  to  explain  its  construction  and  display  its  consen- 
sus, we  must  not  forget  that  our  modem  system  was  not  developed 
from  a  natural  necessity,  but  from  a  freely  chosen  principle  of 
style ;  that  beside  it,  and  before  it,  other  tonal  systems  have  been 
developed  from  other  principles,  and  that  in  each  such  system 
the  highest  pitch  of  artistic  beauty  has  been  reached,  by  the  suc- 
cessful solution  of  more  limited  problems. 

This  reference  to  the  history  of  music  was  necessitated  by  our 
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inability  in  this  case  to  appeal  to  observation  and  experiment  for 
establishing  our  explanations,  because,  educated  in  a  modem 
system  of  music,  we  cannot  thoroughly  throw  ourselves  back  into 
the  condition  of  our  ancestors,  who  knew  nothing  about  what  we 
have  been  fiimiliar  with  from  childhood,  and  who  had  to  find  it 
all  out  for  themselves.  The  only  observations  and  experiments, 
therefore,  to  which  we  can  appeal,  are  those  which  mankind  them- 
selves have  imdertaken  in  the  development  of  music.  If  our 
theory  of  the  modem  tonal  system  is  correct  it  must  also  suffice 
to  furnish  the  requisite  explanation  of  the  former  less  perfect 
stages  of  development. 

As  the  fundamental  principle  for  the  development  of  the 
European  tonal  system,  we  shall  assume  that  the  whole  mass  of 
tones  and  the  connection  of  harmonies  mv^t  stand  in  a  close  and 
always  distinctly  perceptible  relationship  to  some  arbitrarily 
selected  tonic,  and  thai  the  mass  of  tone  which  forms  the  whole 
composition  m/ast  be  developed  from,  this  tonic,  amd  m/ust  finally 
return  to  U.^  The  ancient  world  developed  this  principle  in 
homophonic  music,  the  modem  world  in  harmonic  music.  But  it 
is  evident  that  this  is  merely  an  esthetical  principle,  not  a  natural 
law. 

The  correctness  of  this  principle  cannot  be  established  a  priori. 
It  must  be  tested  by  its  results.  The  origin  of  such  esthetical 
principles  should  not  be  ascribed  to  a  natural  necessity.  They 
are  the  inventions  of  genius,  as  we  previously  endeavoured  to  illus- 
trate by  a  reference  to  the  principles  of  architectural  style. 

'  [Iq  Appeodix  XIX.,  sections  D  and  £,  I  haye  endeaTonred  to  give  the  stages  of 
this  derelopment  from  a  single  tonic  to  the  limit  of  tonic  modulation.  My  object  was 
to  determine  the  tones  necessary  for  musical  instruments  in  just  intonation.  But  the 
forms  and  tables  thus  obtained  may  be  useful  in  tracing  the  connections  of  chorda 
and  modulations. — Transiatar,] 
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CHAPTER   XIV. 

THE   TONALITY   OF    HOMOPHONIC  MUSIC. 

Music  was  forced  first  to  select  artistically  and  then  to  shape  for 
itself  the  material  on  which  it  works.  Painting  and  sculpture 
find  the  fundamental  character  of  their  materials,  form  and  colour, 
in  the  nature  they  strive  to  imitate.  Poetry  finds  its  material 
ready  formed  in  the  words  of  language.  Architecture  has,  indeed, 
also  to  create  its  own  forms ;  but  they  are  partly  forced  upon  it 
by  technical  and  not  by  purely  artistic  considerations.  Music 
alone  finds  an  infinitely  rich  but  totally  amorphous  plastic 
material  in  the  tones  of  the  human  voice  and  artificial  musical 
instruments,  which  must  be  shaped  on  purely  artistic  principles, 
unfettered  by  any  reference  to  utility  as  in  architecture,  or  to  the 
iinitation  of  nature  as  in  the  fine  arts,  or  to  the  existing  symboli- 
cal meaning  of  soimds  as  in  poetry.  There  is  a  greater  and  more 
absolute  freedom  in  the  use  of  the  material  for  music  than  for 
any  other  of  the  arts.  But  certainly  absolute  freedom  is  more 
difficult  to  use  properly,  than  limited  freedom  where  the  artist's 
path  is  indicated  by  external  landmarks.  Hence  also  the  cultiva- 
tion of  the  tonal  material  of  music  has,  as  we  have  seen,  proceeded 
much  more  slowly  than  the  development  of  the  other  arts. 

It  is  now  our  business  to  investigate  this  cultivation. 

The  first  fact  that  we  meet  with  in  the  music  of  all  nations, 
80  far  as  is  yet  known,  is  that  alterations  of  pitch  in  melodies 
take  pla/)e  by  intervals,  and  not  by  continuous  transitions.  The 
psychological  reason  of  this  fact  would  seem  to  be  the  same  as 
that  which  led  to  rhythmic  subdivision  periodically  repeated.  All 
melodies  are  motions  within  extremes  of  pitch.  The  incorporeal 
material  of  tones  is  much  more  adapted  for  following  the  musi- 
cian's intention  in  the  most  delicate  and  pliant  manner  for  every 
species  of  motion,  than  any  corporeal  material  liowever  light. 
Graceful  rapidity,  grave  procession,  quiet  advance,  wild  leaping, 


Chap.  XIV.  PROGRESSION   BY  INTERVALS.  385 

all  these  different  characters  of  motion  and  a  thousand  others  in 
the  most  varied  combinations  and  degrees,  can  be  represented  by 
successions  of  tones.  And  as  music  expresses  these  motions,  it  gives 
an  expression  also  to  those  mental  conditions  which  naturally  evoke 
similar  motions,  whether  of  the  body  or  the  voice,  or  of  the  think- 
ing and  feeling  principle  itself.  Every  motion  is  an  expression 
of  the  power  which  produces  it,  and  we  instinctively  measure  the 
motive  force  by  the  amount  of  motion  which  it  produces.  This 
holds  equally  and  perhaps  more  for  the  motions  due  to  the  exertion 
of  power  by  the  human  will  and  human  impulses,  than  for  the 
mechanical  motions  of  external  nature.  In  this  way  melodic 
progression  can  become  the  expression  of  the  most  diverse  condi- 
tions of  himian  disposition,  not  precisely  of  human  feeLinga^^  but 
at  least  of  that  atate  of  aensitiveneas  which  is  produced  by  feelings. 
In  English  the  phrase  out  of  tune,  unatiniTigj  and  in  German  the 
word  atimmung,  literally  tuning^  are  transferred  from  music  to 
mental  states.  The  words  are  meant  to  denote  those  peculiarities 
of  mental  condition  which  are  capable  of  musical  representation. 
I  think  we  might  appropriately  define  gemiithaatiiiiviung^  or 
meTitcd  tune^  as  representing  that  general  character  temporarily 
shewn  by  the  motion  of  our  conceptions,  and  correspondingly  im- 
pressed on  the  motions  of  our  body  and  voice.  Our  thoughts  may 
move  fast  or  slowly,  may  wander  about  restlessly  and  aimlessly 
in  anxious  excitement,  or  may  keep  a  determinate  aim  distinctly 
and  energetically  in  view  ;  they  may  lounge  about  without  care 
or  effort  in  pleasant  fancies,  or,  driven  back  by  some  sad  memories, 
may  return  slowly  and  heavily  from  the  spot  with  short  weak 
steps.  All  this  may  be  imitated  and  expressed  by  the  melodic 
motion  of  the  tones,  and  the  listener  may  thus  receive  a  more 
perfect  and  impressive  image  of  the  '  tune '  of  another  person's 
mind,  than  by  any  other  means,  except  perhaps  by  a  very  perfect 
dramatic  representation  of  the  way  in  which  such  a  person  really 
spoke  and  acted. 

Aristotle  also  formed  a  similar  conception  of  the  effect  of 
music.  In  his  29th  Problem  he  says  :  'Why  do  rhjrthms  and 
melodies,  which  are  composed  of  sound,  resemble  the  feelings ; 
while  this  is  not  the  case  for  tastes,  colours,  or  smells  ?    Can  it  be 

'  Uanslick  seems  to  me  to  hare  the  adrantiige  over  other  esthetic  writers  in  this 
point,  because  music,  unawisted  by  poetry,  has  no  means  of  clearly  characterising 
the  object  of  feeling. 

C  C 
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because  they  are  motions,  as  actions  are  also  motions  ?  Energy 
itself  belongs  to  feeling  and  creates  feeling.  But  tastes  and 
colours  do  not  act  in  the  same  way.'  ^  And  at  the  end  of  the  27th 
Problem  he  says  :  ^  These  motions,  Le.  rhythms  and  melodies,  are 
active,  and  action  is  the  sign  of  feeling.'  * 

Not  merely  music  but  even  other  kinds  of  motions  may  pro- 
duce similar  effects.  Water  in  motion,  as  in  cascades  or  sea 
waves,  has  an  effect  in  some  respects  similar  to  music.  How 
long  and  how  often  can  we  sit  and  look  at  the  waves  rolling  in  to 
shore  I  Their  rhythmic  motion,  perpetually  varied  in  detail,  pro- 
duces a  peculiar  feeling  of  pleasant  repose  or  weariness,  and  the 
impression  of  a  mighty  orderly  life,  finely  linked  together.  When 
the  sea  is  quiet  and  smooth  we  can  enjoy  its  colouring  for  a  while, 
but  this  gives  no  such  lasting  pleasiure  as  the  rolling  waves.  Small 
undulations,  on  the  other  hand,  on  small  surfaces  of  water,  follow 
one  another  too  rapidly,  and  disturb  rather  than  please. 

But  the  motion  of  tone  surpasses  all  motion  of  corporeal 
masses  in  the  delicacy  and  ease  with  which  it  can  receive  and 
imitate  the  most  varied  descriptions  of  expression.  Hence  it  arro- 
gates to  itself  by  right  the  representation  of  states  of  mind,  which 

'  A«d  rl  ol  fvBfiol  col  rh  fi4xri  ^i^  oZaa,  ff^c^riy  toutw  ol  84  XviuoX  o5,  &AX'  Mk  rh 
Xp^/tara  icol  od  ifffud ;  I)  Zri  iru^frcis  cMy,  &<nrkp  koI  td  npd^ttt ;  f|8i|  84  ij  fiiy  Mpy^ta 
Ifiiiehif,  icat  iroic?  IjOos  *  ol  84  x^M^^  ''^  '*'^  xP^t*''^^  ^^  notovirit'  Sfxoivs.  Ajist.  Prob. 
zix.  20. 

'  [The  altove  words  conclude  the  problem,  which  it  seems  best  to  cite  in  full. 
AA  ri  t6  iucouardy  ii6vov  ^fios  Ixci  r«y  cdtrOriTAr  ;  koX  yiip  ihy  f  Avtu  kSyov  /UXms^  Bfims 
lx«  ^^os '  &XX*  oh  rh  xp^t^  ol9i  ^  ^/I'ht  oM  6  x^M^s  Ix"-  *H  ^*  ubn^w  lx<i  pLovo- 
yovxif  %v  6  if^J^os  iiftas  Kiyci;  Toiavrri  fi^y  y^  Kol  roTt  dWots  ^dpx^t  KUfu  ydp  koI 
r6  XP^f^  [*^]  ^*'  JS^iy*  &XA<i  TTis  kvofi4yiis  r^  rotoihtp  }^6p^  cdar0aif6fit$a  icivi^«M9. 
A0n|  84  lx<(  ifMi&nrret,  iv  rt  rots  ^vBfwii  ical  fV  rp  ruy  ^»$6yyo0¥  rd^9i  rS$v  h^4m¥  koX 
fiap4w¥^  oitK  4v  rfi  /a/|ci.  *AXX*  ^  ovfi^wta  ohx  Ixct  ^Of .  *£y  84  ro7s  SiXXois  aur^ots 
rovTo  oitK  f<mi'.  A/  84  irn^irf is  aSrcu,  vpamuctd  §l<n¥,  Ai  84  irpci^ctt,  liBovt  o^^/taaia 
ioTl.  Arist.  Prob.  xix.  27.  Which  we  may  perhaps  translate  thus :  '  Why  is  sound 
the  only  sensation  which  excites  the  feelings?  Even  melody  without  sound  has 
feeling.  But  this  is  not  the  case  for  colour,  or  smell,  or  taste.  Is  it  because  they 
have  none  of  the  motion  which  sound  excitee  in  us  ?  For  the  others  excite  motion  ; 
thus  colour  moves  the  eye.  But  we  feel  the  motion  which  follows  sound.  And  this 
is  alike,  in  rhythm,  and  alteration  in  pitch,  but  not  in  united  sounds.  Sounding 
notes  together  does  not  excite  feeling.  This  is  not  the  case  for  other  sensations. 
Now  these  motions  stimulate  action,  and  this  action  is  the  sign  of  feeling.'  Aristotle 
seems  to  have  required  motion  to  excite  feeling,  and  in  sounding  two  notes  together, 
there  was  no  motion  of  one  towards  the  other.  It  is  evident  that  he  had  not  the 
slightest  inkling  of  a  progression  of  harmonies,  and  this  utter  blank  in  bis  mind  is 
one  of  the  strongest  proofs  that  the  Greeks  had  never  tried  harmony. — TranMlatar,'\ 
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the  other  arts  can  only  indirectly  touch  by  shewing  the  situations 
wliich  caused  the  emotion,  or  by  giving  the  resulting  words,  acts, 
or  outward  appearance  of  the  body.  The  union  of  music  to  words 
is  most  important,  because  words  can  represent  the  cause  of  the 
frame  of  mind,  the  object  to  which  it  refers,  and  the  feeling 
which  lies  at  its  root,  while  music  expresses  the  kind  of  mental 
transition  which  is  due  to  the  feeling.  When  different  hearers 
endeavour  to  describe  the  impression  of  instnmiental  music, 
they  often  adduce  entirely  different  situations  or  feelings  which 
they  suppose  to  have  been  symbolised  by  the  music.  One 
who  knows  nothing  of  the  matter  is  then  very  apt  to  ridicule  such 
enthusiasts,  and  yet  they  may  have  been  all  more  or  less  right, 
because  music  does  not  represent  feelings  and  situations,  but  only 
frames  of  mind,  which  the  hearer  is  unable  to  describe  except  by 
adducing  such  outward  circumstances  as  he  has  himself  noticed 
when  experiencing  the  corresponding  mental  states.  Now  differ- 
ent feelings  may  occur  under  different  circumstances  and  produce 
the  same  states  of  mind  in  different  individuals,  while  the  same 
feelings  may  give  rise  to  different  states  of  mind.  Love  is  a  feel- 
ing. Direct,  as  such,  it  cannot  be  represented  by  music.  The 
mental  states  of  a  lover  may,  as  we  know,  shew  the  extremest 
variety  of  change.  Now  music  may  perhaps  express  the  dreamy 
longing  for  transcendent  bliss  which  love  may  excite.  But  pre- 
cisely the  same  state  of  mind  might  arise  from  religious  enthusiasm. 
Hence  when  a  piece  of  music  expresses  this  mental  state  it  is  not 
a  contradiction  for  one  hearer  to  find  in  it  the  longing  of  love, 
and  another  the  longing  of  enthusiastic  piety.  In  thi3  sense 
Vischer*s  rather  paradoxical  statement  that  the  mechanics  of 
mental  emotion  are  perhaps  best  studied  in  their  musical  expres- 
sion, may  be  not  altogether  incorrect.  We  really  possess  no  other 
means  of  expressing  them  so  exactly  and  delicately. 

As  we  have  seen,  then,  melody  has  to  express  a  motion,  in  such 
a  manner  tliat  the  hearer  easily,  clearly,  and  certainly  appreciates 
the  character  of  that  motion  by  immediate  perception.  This  is 
only  possible  when  the  steps  of  this  motion,  their  rapidity  and 
amount  are  also  exactly  Toeamirahle  by  immediate  perception. 
Melodic  motion  is  change  of  pitch  in  time.  To  measure  it  per- 
fectly, the  length  of  time  elapsed,  and  the  distance  between  the 
pitches,  must  be  measurable.  This  is  possible  for  immediate 
audition  only  on  condition  that  the  alterations  both  in  time  and 

c  c  2 
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pitch  should  proceed  by  regular  and  determinate  degrees.  This 
is  immediately  clear  for  time,  for  even  the  scientific,  as  well  as  all 
other  measurement  of  time,  depends  on  the  rhythmical  recurrence 
of  similar  events,  the  revolution  of  the  earth  or  moon,  or  the 
swings  of  a  pendulum.  Thus  also  the  regular  alternation  of  ac- 
centuated and  unaccentuated  sounds  in  music  and  poetry  gives  the 
measure  of  time  for  the  composition.  But  whereas  in  poetry  the 
construction  of  the  verse  serves  only  to  reduce  the  external  acci- 
dents of  linguistic  expression  to  artistic  order ;  in  music,  rhythm, 
as  the  measure  of  time,  belongs  to  the  inmost  nature  of  expression. 
Hence  also  a  much  more  delicate  and  elaborate  development  of 
rhythm  was  required  in  music  than  in  verse. 

It  was  also  necessary  that  the  alteration  of  pitch  should  proceed 
by  intervals,  because  motion  is  not  measurable  by  immediate 
perception  unless  the  amount  of  space  to  be  measured  is  divided 
off  into  degrees.  Even  in  scientific  investigations  we  are  unable 
to  measure  the  velocity  of  continuous  motion  except  by  comparing 
the  space  described  with  the  standard  measure,  as  we  compare  time 
with  the  seconds  pendulum. 

It  may  be  objected  that  architecture  in  its  arabesques,  which 
have  been  justly  compared  in  many  respects  with  musical  figures, 
and  which  also  shew  a  certain  orderly  arrangement,  constantly 
employs  curved  lines  and  not  lines  broken  into  determinate 
lengths.  But  in  the  first  place  the  art  of  arabesques  really  began 
with  the  Grreek  meander,  which  is  composed  of  straight  lines  set  at 
right  angles  to  each  other,  following  at  exactly  equal  lengths, 
and  cutting  one  another  off  in  degrees.  In  the  second  place,  the 
eye  which  contemplates  arabesques  can  take  in  and  compare  all 
parts  of  the  curved  lines  at  once,  and  can  glance  to  and  fro,  and 
return  to  its  first  contemplation.  Hence,  notwithstanding  the 
continuous  curvature  of  the  lines,  their  patlis  are  perfectly  com- 
prehensible, and  it  became  possible  to  renounce  the  strict  regula- 
rity of  the  Grecian  arabesques  in  favour  of  the  curvilinear  freedom. 
But  whilst  freer  forms  are  thus  admitted  for  individual  small 
decorations  in  architecture,  the  division  of  any  greater  whole, 
whether  it  be  a  series  of  arabesques  or  a  row  of  windows  or  columns 
&c.  throughout  a  building,  is  still  tied  down  to  the  simple  arith- 
metical law  of  repetition  of  similar  parts  at  equal  intervals. 

The  individual  parts  of  a  melody  reach  the  ear  in  succession. 
We  cannot  perceive  them  all  at  once.     We  cannot  obsen'e  back- 
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wards  and  forwai'ds  at  pleasure.  Hence  for  a  clear  and  sure 
measurement  of  the  change  of  pitch,  no  means  was  left  but  pro- 
gression by  determinate  degrees.  This  series  of  degrees  is  laid 
down  in  the  musical  scale.  When  the  wind  howls  and  its  pitch 
rises  or  falls  in  insensible  gradations  without  any  break,  we  have 
nothing  to  measure  the  variations  of  pitch,  nothing  by  which  we 
can  compare  the  later  with  the  earlier  sounds,  and  comprehend 
the  extent  of  the  change.  The  whole  phenomenon  produces  a 
confused,  unpleasant  impression.  The  musical  scale  is  as  it  were 
the  divided  rod,  by  which  we  measure  progression  in  pitch,  as 
rhythm  measures  progression  in  time.  Hence  the  analogy  be- 
tween the  scale  of  tones  and  rhythm  naturally  occurred  to  musical 
tlieoreticians  of  ancient  as  well  as  modem  times. 

We  consequently  find  the  most  complete  agreement  among  all 
nations  that  use  music  at  all,  from  the  earliest  to  the  latest  times, 
as  to  the  separation  of  certain  determinate  degrees  of  tone  from 
the  possible  mass  of  continuous  gradations  of  soimd,  all  of  which 
are  audible,  and  these  degrees  form  the  scale  in  which  the  melody 
moves.  But  in  selecting  the  particular  degrees  of  pitch  devia- 
tions of  national  taste  become  immediately  apparent.  The  num- 
ber of  scales  used  by  different  nations  and  at  different  times  is  by 
no  means  small. 

Let  us  inquire,  then,  what  motive  there  can  be  for  selecting 
one  tone  rather  than  another  in  its  neighbourhood  for  the  step 
succeeding  any  given  tone?  We  remember  that  in  sounding 
two  tones  together  such  a  relation  was  observed.  We  found  that 
under  such  circumstances  certain  particular  intervals,  namely  the 
consonances,  were  distinguished  from  all  other  intervals  which 
were  nearly  the  same,  by  the  absence  of  beats.  Now  some  of 
these  intervals,  the  Octave,  Fifth,  and  Fourth,  are  found  in  all 
the  musical  scales  known.  Recent  theoreticians  that  have  been 
bom  and  bred  in  the  system  of  harmonic  music,  have  conse- 
quently supposed  that  they  could  explain  the  origin  of  the  scales, 
by  the  assumption  that  all  melodies  arise  from  thinking  of  a 
harmony  to  them,  and  that  the  scale  itself,  considered  as  the 
melody  of  the  key,  arose  from  resolving  the  frindamental  chords 
of  the  key  into  their  separate  tones.  This  view  is  certainly 
correct  for  modern  scales ;  at  least  these  have  been  modified  to 
suit  the  requirements  of  the  harmony.  But  scales  existed  long 
before  there  was  any  knowledge  or  experience  of  harmony  at  all. 
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And  when  we  see  historically  what  a  long  period  of  time  musicians 
required  to  learn  how  to  accompany  a  melody  by  harmonies,  and 
how  awkward  their  first  attempts  were,  we  cannot  feel  a  doubt 
that  ancient  composers  had  no  feeling  at  all  for  harmonic  accom- 
paniment, just  as  even  at  the  present  day  many  of  the  more  gifted 
Orientals  are  opposed  to  our  own  harmonic  music.  We  must  also 
not  forget  that  many  popuLir  melodies,  of  older  times  or  foreign 
origin,  scarcely  admit  of  any  harmonic  accompaniment  at  all, 
without  injiu-y  to  their  character. 

The  same  remark  applies  to  Rameau's  assumption  of  an  ^  un- 
derstood' fundamental  bass  in  the  construction  of  melodies  or 
scales  for  a  single  voice.  A  modern  composer  would  certainly 
imagine  to  himself  at  once  the  fundamental  bass  to  the  melody  he 
invents.  But  how  could  that  be  the  case  with  musicians  who  had 
never  heard  any  harmonic  music,  and  had  no  idea  how  to  compose 
any  ?  Granted  that  an  artist's  genius  often  unconsciously  *  feels 
out '  many  relations,  we  should  be  imputing  too  much  to  it  if  we 
asserted  that  the  artist  coidd  observe  relations  of  tones  which  he 
had  never  or  very  rarely  heard,  and  which  were  destined  not  to  be 
discovered  and  employed  till  many  centuries  after  his  time. 

It  is  clear  that  in  the  period  of  homophonic  music,  the  scale 
could  not  have  been  constructed  so  as  to  suit  the  requirements  of 
chordal  connections  unconsciously  supplied.  Yet  a  meaning  may 
be  assigned,  in  a  somewhat  altered  form,  to  the  views  and  hypotheses 
of  musicians  above  mentioned,  by  supposing  that  the  same  physical 
and  physiological  relations  of  the  tones,  which  become  sensible 
when  they  are  sounded  together  and  determine  the  magnitude 
of  the  consomint  intervals,  might  also  have  had  an  eflFect  in  the 
construction  of  the  scale,  although  under  somewhat  different 
circumstances. 

Let  us  begin  with  the  Octave,  in  which  the  relationship  to  the 
fundamental  tone  is  most  remarkable.  Let  any  melody  be  exe- 
cuted on  any  instrument  which  has  a  good  musical  quality  of  tone, 
such  as  a  human  voice  ;  the  hearer  must  have  heard  not  only  the 
primes  of  the  compound  tones,  but  also  their  upper  Octaves,  and, 
less  strongly,  the  remaining  upper  partials.  When,  then,  a  higher 
voice  afterwards  executes  the  same  melody  an  Octave  higher,  we 
hear  again  a  part  of  tvhat  we  heard  before,  namely  the  even  par- 
tial tones  (p.  79)  of  the  former  compound  tones,  and  at  the  same 
time  we  hear  liothliiy  that  tve  laid  fwt  premoudy  heard.     Hence 
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the  repetition  of  a  melody  in  tlie  higher  Octave  is  a  real  repetition 
of  what  has  been  previously  heard,  not  of  all  of  it,  but  of  a  part.* 
If  we  allow  a  low  voice  to  be  accompanied  by  a  higher  in  the 
Octave  above  it,  the  only  part  music  which  the  Greeks  employed, 
we  add  nothing  new,  we  merely  reinforce  the  even  partials.  In 
this  sense,  then,  the  compound  tones  of  an  Octave  above  are  really 
repetitions  of  the  tones  of  the  lower  Octaves,  or  at  least  of  part  of 
their  constituents.  Hence  the  first  and  chief  division  of  our 
musical  scale  is  that  into  a  series  of  Octaves.  In  reference  to  both 
melody  and  harmony,  we  assume  tones  of  different  Octaves  which 
bear  the  same  name,  to  have  the  same  value,  and  in  the  sense 
intended,  and  up  to  a  certain  point,  this  assumption  is  correct.  An 
accompaniment  of  Octaves  gives  perfect  consonance,  but  it  gives 
nothing  additional ;  it  merely  reinforces  tones  already  present. 
Hence  it  is  musically  applicable  for  increasing  the  power  of  a 
melody  which  has  to  be  brought  out  strongly,  but  it  has  none  of 
the  variety  of  polyphonic  music,  and  therefore  is  felt  to  be  rruma^ 
tonouSj  and  it  is  consequently  forbidden  in  polyphonic  music. 

What  is  true  of  the  Octave  is  true  in  a  less  degree  for  the 
Twelfth.  If  a  melody  is  repeated  in  the  Twelfth  we  again  hear 
only  what  we  had  already  heard,  but  the  repeated  part  of  what 
we  heard  is  much  weaker,  because  only  the  third,  sixth,  ninth,  «&c. 
partial  tone  is  repeated,  whereas  for  repetition  in  the  Octave, 
instead  of  the  third  partial,  the  much  stronger  second  and  weaker 
fourth  partial  is  heard,  and  in  place  of  the  ninth,  the  eighth  and 
tenth  occiur,  &c.  Hence  repetition  of  a  melody  in  the  Twelfth  is 
less  complete  than  repetition  in  the  Octave,  because  only  a  smaller 
part  of  what  had  been  already  heard  is  repeated.  In  place  of  this 
repetition  in  the  Twelfth,  we  may  substitute  one  an  Octave  lower, 
namely  in  the  Fifth,  Repetition  in  the  Fifth  is  not  a  pure  repe- 
tition, as  that  in  the  Twelfth  is.  Taking  2  for  the  vibrational 
number  of  the  prime  tone,  the  partials  are 

for  the  ftmdamental  compound     2       4 

for  the  Twelfth 

for  the  Fifth  ...         3 

'  [Some  considerations  have  been  omitted,  probably  by  design.  The  quality  of 
tone  of  the  voice  which  sings  the  Octave  above  is  materially  different.  The  even 
partials  of  the  lower  tone  are  by  no  means  so  powerful  as  in  the  higher  tone.  The 
upper  partials  of  the  higher  tone,  which  are  still  quite  efibctive,  would  be  inaudible 
iu  the  loTier  tone.  —  Translator.] 


6  8 

10  12 

6 

12 

6 

9         12 
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When  we  strike  the  Twelfth  we  repeat  the  simple  tones  6  and  12, 
which  already  existed  in  the  fundamental  compound  tone.  When 
we  strike  the  Fifth,  we  continue  to  repeat  the  same  simple  tones, 
but  we  also  add  two  others,  3  and  9.  Hence  for  the  repetition  in 
the  Fifth,  only  a  part  of  the  new  sound  is  identical  with  a  part 
of  what  had  been  heard,  but  it  is  nevertheless  the  most  perfect 
repetition  which  can  be  executed  at  a  smaller  interval  than  an 
Octave.  This  is  clearly  the  reason  why  unpractised  singers,  when 
they  wish  to  join  in  the  chorus  to  a  song  that  does  not  suit  the 
compass  of  their  voice,  often  take  a  Fifth  to  it.  This  is  also 
a  very  evident  proof  that  the  uncultivated  ear  regards  repetition 
in  the  Fifth  as  natural.  Such  an  accompaniment  in  the  Fiftli  and 
Foiurth  is  said  to  have  been  systematically  developed  in  the  early 
part  of  the  middle  ages.  Even  in  modem  music,  repetition  in  the 
Fifth  plays  a  much  more  prominent  part  than  repetition  in  the 
Octave.  In  normal  fugues  the  theme,  as  is  well  known,  is  first 
repeated  in  the  Fifth ;  in  the  normal  form  of  instrumental  pieces, 
that  of  the  SoData,  the  theme  in  the  first  movement  is  transposed 
to  the  Fifth,  returning  in  the  second  part  to  the  fundamental  tx)ne. 
This  kind  of  imperfect  repetition  of  the  impression  in  the  Fifth  in- 
duced the  Greeks  also  to  divide  the  interval  of  the  Octave  into 
two  equivalent  sections,  namely  two  Tetrachards.  Our  major 
scale  on  being  divided  in  this  manner  would  be : — 


cdefgabcdef 
I.  n.        III. 

The  succession  of  tones  in  the  second  tetrachord  is  a  repetition 
of  that  in  the  first,  transposed  a  Fifth.'  To  pass  into  the  Octave 
division,  the  successive  tetrachords  must  be  alternately  separate 
and  connected.  They  are  said  to  be  contiected  when,  as  in  II.  and 
III.,  the  last  tone  c  of  the  lower  becomes  the  first  of  the  higher 
tetrachord  ;  and  separate  when,  as  in  I.  and  II.,  the  last  tone  of 
the  lower  is  different  from  the  upper.  In  the  second  tetrachord 
g  to  c,  every  ascending  series  of  tones  necessarily  leads  to  c  as  the 
final  tone,  and  this  c  is  also  the  Octave  of  the  fundamental  tone 

1  [This  applies  to  the  Pythagorean  scale  and  hence  to  Greek  music,  and  also  to  all 
tempered  music.  But  in  just  intonation  c  to  d  \bk  major  Tone,  and  dtoetL  minor 
Tone,  whereas  ^  to  a  is  a  minor  Tone  and  a  to  6  a  major  tone.  These  distinctions 
were  of  course  purposely  omitted  in  the  text. —  IVandatorJ] 
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of  the  first  tetrachord.  Now  this  c  is  the  Fourth  of  gr,  the  funda- 
mental tone  of  the  second  tetrachord.  To  make  the  succession  of 
tones  the  same  in  both  tetrachords,  the  lower  tetrachord  had  to  be 
increased  by  the  tone  /  which  answers  to  c.  The  Fourth  /,  how- 
ever, would  have  suggested  itself  in  the  same  way  as  the  Fifbli, 
independently  of  this  analogy  of  the  tetrachords.  The  Fifth  is  a 
compoimd  tone  in  which  the  second  partial  is  the  third  partial  of 
the  fundamental  compound  tone  ;  the  Fourth  is  a  compound  tone 
in  which  the  third  partial  is  the  same  as  the  second  of  the  Octave. 
Hence  the  limits  of  the  two  analogous  divisions  of  the  Octave 
are  settled,  namely : — 

but  the  mode  of  filling  up  these  gaps  remains  arbitrary,  and 
different  plans  for  doing  so  were  adopted  by  the  Greeks  them- 
selves at  different  periods,  and  others  again  by  other  nations. 
But  the  division  of  the  scale  into  Octaves,  and  the  Octave 
into  two  analogous  Tetrachords,  occurs  everywhere,  almost  without 
exception. 

Boethius  (^  De  Musica,'  lib.  i.  cap.  20)  informs  us  that  according 
to  Nicomachus  the  most  ancient  method  of  tuning  the  lyre  down 
to  the  time  of  Orpheus,  consisted  of  open  tetrachords, 

c  — /—  jr  —  c, 

with  which  certainly  it  was  scarcely  possible  to  construct  a  melody. 
But  as  it  contained  the  chief  degrees  of  the  pitch  of  ordinary 
speech,  a  lyre  of  this  kind  might  possibly  have  served  to  accom- 
pany declamation. 

The  relationship  of  the  Fifth,  and  its  inversion  the  Fourth,  to 
the  fundamental  tone,  is  so  close  that  it  has  been  acknowledged  in 
all  known  systems  of  music.  On  the  other  hand,  many  variations 
occur  in  the  choice  of  the  intermediate  tones  which  have  to  be 
inserted  between  the  terminal  tones  of  the  tetrachord.  The  in- 
t'Crval  of  a  Third  is  by  no  means  so  clearly  defined  by  easily 
appreciable  partial  tones,  as  to  have  forced  itself  from  the  first  on 
the  ear  of  unpractised  musicians.  We  must  remember  that  even  if 
the  fifth  partial  tone  existed  in  the  compound  tones  of  the  musical 
instruments  employed,  it  would  have  had  to  contend  with  the  much 
louder  prime  tone,  and  would  also  have  been  covered  by  the  three 
adjacent  and  lower  partials.     As  a  matter  of  fact,  the  history  of 
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musical  systems  shews  that  there  was  much  and  long  hesitation  as 
to  the  timing  of  the  Thirds.  And  the  doubt  is  even  yet  felt  when 
Thirds  are  used  in  pure  melody,  unconnected  with  any  harmonies. 
I  must  own  that  on  observing  isolated  intervab  of  this  kind,  I 
cannot  come  to  perfectly  certain  results,  but  I  do  so  when  I  hear 
them  in  a  well-constructed  melody  with  distinct  tonality.  The 
natural  major  Thirds  of  4  :  5  thus  seem  to  me  calmer  and  quieter 
that  the  sharper  major  Thirds  of  our  equally  tempered  modem 
instruments,  or  with  the  still  sharper  major  Thirds  which  result 
from  the  Pythagorean  timing  with  perfect  Fifths.  Both  of  the 
latter  intervals  have  a  strained  effect.  Most  of  oiu*  modem  musi- 
cians, accustomed  to  the  major  Thirds  of  the  equal  temperament, 
prefer  them  to  the  perfect  major  Thirds,  when  melody  alone  is 
concerned.  But  I  have  convinced  myself  that  artists  of  the  first 
rank,  like  Joachim,  use  the  Thirds  of  4  :  5  even  in  melody.  For 
harmony  there  is  no  doubt  at  all.  Everyone  chooses  the  natural 
major  Thirds.  In  Chapter  XVI.  I  shall  describe  an  instrument 
which  will  enable  anyone  to  perform  experiments  of  this  kind.* 

Under  these  circumstances  another  principle  for  determining 
the  small  intervals  of  the  scale  was  resorted  to  during  the  infancy 
of  music,  and  seems  to  be  still  employed  among  the  less  civilised 
Lations.  This  principle,  which  has  subsequently  had  to  yield  to 
that  of  tonal  relationship,  consists  in  an  endeavour  to  distinguish 
ev^ual  intervals  by  ear,  and  thus  make  the  differences  of  pitch  per- 
ceptibly imiform. 

This  attempt  has  never  prevailed  over  the  feeling  of  tonal 
relationship  for  the  division  of  the  Fourth,  at  least  in  artistically 
developed  music.  But  in  the  division  of  smaller  intervals  we  shall 
iind  it  applied  as  an  auxiliary  in  many  of  the  less  usual  divisions 
of  the  Greek  tetrachord  and  in  the  scales  of  oriental  nations. 
But  arbitrary  divisions  which  are  independent  of  tonal  relationship, 
disappeared  everywhere  in  exact  proportion  to  the  higher  develop- 
ment of  the  musical  art. 

We  will  now  enquire  what  kind  of  a  scale  we  should  obtain  by 
pursuing  to  its  consequences  the  natural  relationship  of  the  tones. 
We  ehcdl  consider  miusiccU  tones  to  be  related  vn  the  first  degree 

*  [Other  instruments  with  the  same  intention  will  be  described  in  Appendix  XIX. 
Section  G,  of  which  Nos.  1  and  2  are  most  simple  and  inexpensire,  and  quite  sufficient 
f<»r  merely  experimental  purposes.— 7Vflfl»to<{>r.] 
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which  have  two  identical  partial  tones;  and  related  in  the 
second  degree^  when  they  are  both  related  in  the  first  degree  to 
sows  third  musical  tone.  The  louder  the  coincident  in  proportion 
to  the  non-coincident  partials  of  compound  tones  related  in  the 
first  degree,  the  closer  is  their  relationship  and  the  more  easily 
will  both  singers  and  hearers  feel  the  common  character  of  both 
the  tones.  Hence  it  follows  that  the  feeling  for  tonal  relationship 
ought  to  differ  with  the  qualities  of  tone  ;  and  I  believe  that  this 
states  a  fact  in  nature,  because  flutes  and  the  soft  stops  of  organs, 
on  which  chords  are  somewhat  colourless  owing  to  an  absence  of 
upper  partials  and  a  consequent  incomplete  definition  of  disson- 
ances, retain  much  of  the  same  colourless  character  in  melodies. 
This,  I  think,  depends  upon  the  fact,  that,  for  such  qualities  of 
tone,  the  recognition  of  the  natural  intervals  of  the  Thirds  and 
Sixths,  and  perhaps  even  of  the  Fourths  and  Fifths,  does  not 
result  from  the  immediate  sensation  of  the  hearer,  but  at  most 
from  his  recollection.  When  he  knows  that  on  other  instruments 
and  in  singing  he  has  been  able  by  immediate  sensation  to  re- 
cognise the  Th  irds  and  Sixths  as  naturally  related  tones,  he 
acknowledges  them  as  well-known  intervals  even  when  executed 
by  a  flute  or  on  the  soft  stops  of  an  organ.  But  the  mere  recol- 
lection of  an  impression  cannot  possibly  have  the  same  freshness 
and  power  as  the  immediate  sensation  itself. 

Since  the  closeness  of  relationship  depends  on  the  loudness  of 
the  coincident  upper  partial  tones,  and  those  having  a  higher 
ordinal  number  are  usually  weaker  than  those  having  a  lower  one, 
the  relationship  of  two  tones  is  generally  weaker,  the  greater  the 
ordinal  number  of  the  coincident  partials.  These  ordinal  numbers, 
as  the  reader  will  recollect  from  the  theory  of  consonant  intervals, 
also  give  the  ratio  of  the  vibrational  numbers  of  the  correspond- 
ing notes. 

In  the  following  table,  the  first  horizontal  line  contains  the 
ordinal  numbers  of  the  partial  tones  of  the  tonic  c,  and  the  first 
vertical  column  those  of  the  corresponding  tone  in  the  scale. 
Where  the  corresponding  vertical  columns  and  horizontal  lines 
intersect,  the  name  of  the  tone  of  the  scale  is  given  for  which  this 
coincidence  holds.  Only  such  notes  are  admitted  as  are  distant 
from  the  Tonic  by  less  than  an  Octave.  Below  each  degree  of  the 
Jrcale  are  placed  the  two  ordinal  niunbers  of  the  coincident  partials, 
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which  will  serve  as  a  scale  for  measuring  the  closeness  of  the 
relationship. 


Partial  Tbnes  of  the  Tonic 

1 

3 

8 

4 

6 

6 

1 

c 

1  :l 

1 :2 

2 

C 

2: 1 

e 
2  : 2 

9 
2  :  3 

e' 

2:4 

3 

F 
3  :2 

e 

3:3 

/ 

3  :4 

a 

3  :5 

3  :6 

4 

C 
4  :2 

G 

4:3 

c 

4:4 

0 

4:6 

4  :  6 

6 

Eb 
6:  3 

Ab 

6:4 

c 

6:6 

eb 

6:6 

6 

C 

6:3 

6:4 

6:6 

6:6 

In  this  systematic  comparison  we  find  the  following  series  of 
notes  related  to  the  tonic  in  the  first  degree,  lying  above  the 
fundamental  note  c  and  related  to  it  in  the  first  degree : 

c  c'  g  f  a  e  e\^ 

1  : 1    1:2    2:3    3:4    3:6   4:5    5:6 

and  the  following  series  in  the  Octave  below : 

c  G         F         G        E[>       A\}        A 

1  : 1    2:1    3:2    4:3   5:3    5:4    6:5 

The  series  is  discontinued  when  the  resultant  intervals  become 
very  close.  Intervals  adapted  for  practical  use  must  not  be  too 
close  to  be  easily  taken  and  distinguished.  What  is  the  smallest 
interval  admissible  in  a  scale  is  a  question  which  different  nations 
have  answered  differently  according  to  the  different  direction  of 
their  taste,  and  perhaps  also  according  to  the  different  delicacy  of 
their  ear. 

It  seems  that  in  the  first  stages  of  the  development  of  music 
many  nations  avoided  the  use  of  intervals  of  less  than  a  Tone,  and 
hence  formed  scales,  which  alternated  in  intervals  from  a  Tone  to 
a  Tone  and  a  half.     According  to  examples  collected  by  M.  F^tis,* 

>  *Histoire  Gen^rale  de  la  Musiqiie/  Paris,  1S69,  vol.  i. 
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a  scale  of  this  kind  is  found  not  only  among  the  Chinese  but  also 
among  the  other  branches  of  the  Mongol  race,  among  the  Malays 
of  Java  and  Sumatra,  the  inhabitants  of  Hudson's  Bay,  the  Papuas 
of  New  Guinea,  the  inhabitants  of  New  Caledonia,  and  the  Fullah 
negroes.  The  five-stringed  lyre  (Kissar)  of  the  inhabitants  of 
North  Africa  and  Abyssinia,  which  is  represented  in  the  bas-reliefs 
of  the  Assyrian  palaces  as  an  instrument  played  on  by  captives,  was 
also,  according  to  Villoteau,*  tune<I  by  the  scale  of  five  degrees : 

g  —  a  —  6  —  d  —  e 

Traces  of  an  ancient  scale  of  this  kind  are  clearly  furnished 
by  the  five-stringed  lyre  or  lute  {jciOdpa)  of  the  Greeks.  At  least 
Terpander  (circa  B.C.  700-650),  who  played  a  conspicuous  part  in 
the  development  of  ancient  Greek  music,  and  who  added  a  seventh 
string  to  the  former  Cithara  of  six  strings,  used  a  senile  composed 
of  a  tetrachord  and  a  trichord,  having  the  compass  of  an  Octave 
and  timed  thus :  — 

e  ^^  f  —  g  —  a  —  6>-^  —  df  —  tf^ 

in  which  there  is  no  (/,  and  the  upper  tetrachord  has  no  interval 

of  a  semitone,  although  there  is  an  interval  of  this  kind  in  the 

lower.' 

Olympos  (circa  b.c.  660-620),  who  introduced   Asiatic  flute 

music  into  Greece  and  adapted  it  to  Greek  tastes,  transformed 

the  Greek  Doric  scale  into  one  of  five  tones,  the  old  enhat^monic 

scale 

6^^c e  -^^  f a 

This  seems  to  indicate  that  he  brought  a  scale  of  five  tones  with 
him  from  Asia,  and  merely  borrowed  the  use  of  the  intervals  of  a 
semitone  from  the  Greeks.  Among  the  more  cultivated  nations, 
the  Chinese  and  the  Celts  of  Scotland  and  Ireland  still  retain  the 

>  *  Descriptions  des  Instruments  de  Musique  des  Orientaux*;  chap,  xiii.,  in  tho 
Description  de  l^Egypte.    l^tat  Modeme. 

•  Nicomachus  makes  Philolaus  say  (edit.  Meibomii,  p.  17),  'From  the  Hypate  (e) 
to  the  MesS  {a)  was  a  Fourth,  from  the  MesS  (a)  to  the  K5t§  (e')  a  Fifth,  from  the 
NStfi  if)  to  the  Trite  (6)  a  Fourth,  from  the  Trite  (6)  to  the  Hypate  («)  a  Fifth.* 
This  shews  that  c,  not  6,  was  the  missing  note. 

•  [The  upper  tetrachord  was  thus  reduced  to  a  trichonl,  while  the  lower  remained 
a  perfect  tetrachord.— 7>aWfl^or.] 
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scale  of  five  notes  without  semitones,  although  both  have  also 
become  acquainted  with  the  complete  scale  of  seven  notes. 

Among  the  Chinese,  a  certain  prince  Tsay-yu  is  said  to  have 
introduced  the  scale  of  seven  notes  amid  great  opposition  firom 
conservative  musicians.  The  division  of  the  Octave  into  twelve 
Semitones,  and  the  transposition  of  scales  have  also  been  dis- 
covered by  this  intelligent  and  skilful  nation.  But  the  melodies 
transcribed  by  travellers  mostly  belong  to  the  scale  of  five  notes. 
The  Graels  and  Erse  have  likewise  become  acquainted  with  the 
diatonic  scale  of  seven  tones  by  means  of  psalmody,  and  in  the 
present  form  of  their  popular  melodies  the  missing  tones  are 
sometimes  just  touched  as  appoggiature  or  passing  notes.  These 
are,  however,  in  many  cases  merely  modem  improvements,  as  may 
be  seen  on  comparing  the  older  forms  of  the  melodies,  and  it  is 
usually  possible  to  omit  the  notes  which  do  not  belong  to  the  scale 
of  five  tones  without  impairing  the  melody.  This  is  not  only  true 
of  the  older  melodies,  but  of  more  modem  popular  airs  which 
were  composed  during  the  last  two  centuries,  whether  by  learned 
or  imleamed  musicians.  Hence  the  Gaels  as  well  as  the  Chinese, 
notwithstanding  their  acquaintance  with  the  modem  tonal  system, 
hold  fast  by  the  old.  ^  And  it  cannot  be  denied  that  by  avoiding 
the  semitones  of  the  diatonic  scale,  Scotch  airs  receive  a  peculiarly 
bright  and  mobile  character,  although  we  cannot  say  as  much  for 
the  Chinese.  Both  Graels  and  Chinese  make  up  for  the  small 
number  of  tones  within  the  Octave  by  great  compass  of  voice. 

The  scale  of  five  tones  admits  of  a  certain  variety  in  its  con- 
struction. Assume  c  as  the  tonic  and  add  to  it  the  nearest  related 
notes  in  the  ascending  Octave,  till  you  come  to  a  semitone.  This 
gives 

c  —  (/—g  —  f—a. 

The  next  note  e  would  form  a  semitone  with  /.    In  the  descending 
Octave  we  find  in  the  same  way 

c—C~F—0  —  E[}. 


>  Chinese  Melodies,  in  Ambrosch^s  'Geschichte  der  Musik,'  vol.  i.  pp.  80,  34,  35. 
Of  Scotch  melodies  there  is  a  fine  collection  with  reference  to  the  authorities  and  the 
older  forms  in  G.  F.  Graham's  'Songs  of  Scotland/  3  vols.  Edinburgh,  1S59.  The 
modem  pianoforte  accompaniment  which  has  been  added,  is  often  ill  enough  suited  to 
the  chanKrter  of  the  airs. 
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The  great  gaps  in  tlie  scales  between  c  and  /  in  the  first,  and 
between  0  and  c  in  the  second  are  filled  up  by  tones  related  in  the 
second  degree.  Since  the  tones  related  to  the  Octave  can  only  be 
repetitions  of  those  directly  related  to  the  tonic,  the  next  tones  to 
be  considered  are  those  related  to  the  upper  Fifth  g^  and  lower 
Fifth  Fy  and  these  are  d  (the  Fifth  above  the  upper  Fifth  g)  and  Bb 
(the  Fifth  below  the  lower  Fifth  F).     We  thus  obtain  the  scales 


1)  Ascending 

c—  d  —  ^^/ — g  —  a —  >^  d 

1        A              AAA               2 

*           8                   3            «            8                    ^ 

2)  Descending 

C      ^F:\}      F      Q      ^B^      c 

1         f      i     1         V     2 

But  in  place  of  the  tones  more  distantly  related  to  the  tonic 
in  the  first  degree,  both  systems  of  tones  related  in  the  second 
degree  might  be  used,  and  this  would  give  ^  scale  resulting  from 
a  simple  progression  by  Fifths,  as 

3)  c  —  d  —  ^f—g  —  >^h\}  —  d 

At  3       -y  T       ^ 

Then  there  are  also  some  more  irregular  forms  of  this  scale  of 
five  tones,  in  which  the  major  Third  e  replaces  the  Fourth  /, 
which  is  more  nearly  related  to  the  tonic  c.  This  transformation 
is  probably  due  to  the  modem  preference  for  the  major  mode,  and 
it  has  made  its  appearance  in  very  many  Scotch  melodies.  The 
scale  is  then 

4)  c  —  d  —  6  —  >^g  —  a  —  ^^d 

1         JL       A  3        A  o 

*       a       4  7      3  ^ 

The  examples  of  a  similar  exchange  of  the  Fifth  g  for  the 
minor  Sixth  a|>  are  doubtful.     This  would  give  the  scale 

5)  C—^F\}  —  F—^A\}  —  B\}  —  c 
The  scale  c  —  ^-^  «[>  — / — g  —  a  —  ^^  c 

1  •AAA  2 

*  5  3  4  3  ^ 

in  which  all  the  notes  are  related  in  the  first  degree,  but  for  which 
the  nearest  notes  to  the  tonic,  either  way,  are  a  Tone  and  a  Semi- 
tone distant  from  it,  has  not  yet  been  discovered  in  actual  use. 
The  above  five  forms  of  the  scale  of  five  tones  can  all  be  so 


-  -t rj 

-  « r%-  n 

-  a  -  -  -x  -  i^  -  ~ .' 

-  «  —  tr-n — .• 
i,  M  —  1-  n  —  ft-  ft -It 

4*4  'K^  <h<rn  -Jwc  t;l  fv*  w>  lirBMt  it  a  amjk  jiB.uiwin.  'tf  Frdi 
M<^  ■«■«■  »iTM«^  ;■  'jrtrt  il  rrfth*  «»  /J  —  *1  —  J«  -  * 
■tnrw  ^•n  •<[  Mburf  m  v,iMi  vrnjATkncnt  gina  ivy  BaBifT-  ^-fieK  fdl 
*:«  ••(;   iwifiVM  ■  ^wnMnAB  n/  Cr*  K<a  tkas  engi-     If^  hiwn 

Tti^f^.  tH'iini  Th.M.  jm4  Miv'.r  Kxtli  un  la  b*  bbL  Tb;  k^  af  C<* 
trMfvt  '■•I  rlli*  MrnnrptrA  n  Aff^^ix  XIX-.  ac  th>>  tad  of  Skoob  D 
tl.  A  .  wtMf*  MMm  itrm  yr-tfraiA  tnr  tht  difium  ntitan  or  ■oio, 
fiVMrl  *••'  *•  t^*  *'*  ^'*>*  l^*  *"""  ^  (nasmn  with.    Tbc  wale 

tho  M'  M  fM*  t/OBA,  WiM  U  ID  Uu  D«t«tMD  of  AppAlU  Sli,  T  — 

.  .  «  ",  awt  »«M  wA  t»  HrnoK")  •*  ■  •"»■  '>'  Fiftba.  If  Ih«  Pirth 
*t  «w)  fA  wrr*  'ViMin.  Mifl  <^b  «><)  '  w>aU  b«  waniMl  to  eomplrtc  >  m 
hM)  )f  Lhcy  w*n  intrwIniMl  w*  nbnaid  hare  thfl  Greek  PhijguD  n 
bf  tiw  mliw/f  M«*"nth,  Armrrtii4  in  a  fr*  pag«*  fnrther  on,  with  th 
HiitRiilh  'ff  ttia  iviilii  innlttMl.  Thfl  blark  digital*  of  the  jiut  or  expc 
MoHliim  .1«irrit«l  In  AtT-  XIX.,  »«l,  <t.  Xr,.  2,  will  allnw  of  playing 
HVfi  tiiiiMiarriiNjc'  ^"  f^'*^  Hfthii.  in  junt  intonn'ioD.  — TVniif/iirar.] 
•  [K'hIk  ''-    ^---J-n-*-'-'''.    That  i*.  no  /nnd  no  f ,- 
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2.  To  the  Second  Scale,  without  Second  or  Sixth,  belong  most 
Scotch  airs  which  have  a  Minor  character.  In  the  modem  forms 
of  these  airs  one  or  other  of  the  missing  tones  is  often  transiently 
touched.  Here  follows  an  older  form  of  the  air  called  Cockle 
Sheila.' 


^^W 


f^-^Jin^o:^^ 


3.  Fo)'  the  Third  Scale,  without  Third  and  Sixth.     Graelic. 
Probably  an  old  bagpipe  tune.* 


rv^f^r^^jJ'^^m 


^ 


Bljthe,  bljthe  and  mer-ry     are  we,     fil}  the  are    we,  one    and   a' ; 
Can-ty  days  weVe  of-ten   seen ;  A   night  like  this   we     ne  •  ver  saw. 


The  gloam-ing  saw  us   all  sit  down.  And  mei-kle  mirth  has  been  oar  fa*.  Then 

2/.C. 


^fT^gTrySxtgzSzi-zjgzg^ 


let    the  toast  and  sang    go  round,  Till  chan  •  ti-cleer    be -gins    to  craw: 


4.  To  the  Fourth  Scale,  without  Fourth  or  Seventh,  belong 
most  Scotch  airs  which   have  the  character  of   a  major  mode. 

'  Playford's  'Dancing-master,'  ed.  1721.  The  first  edition  appeared  in  1667. 
'Sungs  of  Scotland,*  vol.  iii.  p.  170.  [Scale  <i  —  w/-  ^  —  aw— c'  —  <f,  without 
e  or  b\} . — Translator.] 

'  There  is  a  Chinese  tone  of  the  same  kind  in  Ambrosch,  loc.  eit.  vol.  i.  p.  84, 
second  piece.  Another,  with  a  single  occurrence  of  the  Sixth,  *  Mj  Peggie  is  a  young 
thing,'  may  be  seen  in  'Songs  of  Scotland,'  vol.  iii.  p.  10.  [Scale,  «  —  /|  %.•—  fl  — 
6  >-^  —  rf'  —  *' ;  without  g  or  c —  Translator,] 

D  D 
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Part  III. 


Since  dozens  of  Scotx;h  tunes  of  this  kind  are  to  be  found  in  every 
collection,  and  are  perfectly  well  known,  I  give  here  a  Chinese 
temple  hymn,  after  Bitschurin,**  as  an  example : 


i 


i 


t 


i 


T 


■h    I  n 


X 


^-P44q:^ 


^=?=: 


^ 


:^=t 


sit 


j=t 


trt 


I     '-J 


•  J 


i 


s 


t 


1^-rr 


± 


:&?= 


± 


£ 


3 


± 


5.  For  the  Fifth  Scale,  without  Second  and  Fifth,  I  have  found 
no  perfectly  pure  examples.  But  there  are  melodies  with  either 
only  the  Fifth  or  else  with  a  mere  transient  use  of  both  Second 
and  Fifth.  In  the  latter  case  the  minor  Second  is  used,  giving  it 
the  character  of  the  ecclesiastical  Phrygian  tone,  for  example  in 
the  very  beautiful  air,  *  Auld  Bobin  Gray.'  I  give  an  example 
with  the  tonic  /j^,  in  which  the  Second  (^r^  or  g)  is  altogether 
absent,  and  the  fifth  cjjf  is  only  once  transiently  touched,  so  that  it 
might  just  as  well  have  been  omitted. 


Will     jovL     go,        las   -  sie,     go         To       the    braes     of     Bal  • 


quhid-der,     Where    the     blue    •    ber  -    ries    grow,      'Mang     the 

fine 


m 


^g^^frr?^ 


35=^=5= 


iSrrt^:^ 


z^  grcj 


bon   •   nie  bloom -ing     hea-ther;     Where    the        deer        and      the 

Sport     the       long        sum  •  mer 


rae, 
day, 


Light    -    ly 
'Mang       the 


bound    -    ing         to    •    ge  •  ther, 
braes         of         Bal  -  qnhid  -  her? 


'  Ambrosch,  loe,  eit.  toI.  i.  p.  30.  To  the  same  class  belongs  the  first  piece  on 
p.  35  after  Barrow  and  Amiot.  [Scale,/  -g-a^-€^-d'^>^f*^  without 
bb  ore. — Translator. "^ 
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We  might  also  in  this  example  assume  b  as  the  tosic,  and 
regard  the  conclusions  as  formed  upon  the  dominant  and  subdomi- 
nant  in  the  old-fashioned  way.  ^  In  these  scales  of  five  tones  the 
determination  of  the  tonic  is  much  more  doubtful  than  in  the 
scales  of  seven  tones. 

The  rule  usually  given  for  the  Graelic  and  Chinese  scales,  to  omit 
the  Fourth  and  Seventh,  applies  therefore  only  to  the  fourth  of 
the  above  scales,  which  corresponds  to  our  major  scale.*  True  this 
scale  is  often  used  in  the  usual  Scotch  airs  of  the  present  day,  and 
is  probably  due  to  the  reaction  of  our  modem  tonal  system.  But 
the  examples  here  adduced  shew  that  every  possible  position  may 
be  assumed  by  the  tonic  in  the  scale  of  five  tones,  if  indeed  we 
allow  these  scales  to  have  a  tonic  at  all.  In  Scotch  melodies  the 
omissions  in  both  major  and  minor  scales  are  so  contrived  as  to 
avoid  the  intervals  of  a  Semitone,  and  substitute  for  them  intervals 
of  a  Tone  and  a  half.  Among  the  Chinese  airs,  however,  I  have 
found  one  which  belongs  rather  to  the  old  Greek  enharmonic 
system,  to  be  considered  presently,  and  it  will  be  explained  at  the 
same  time. 

We  now  proceed  to  the  construction  of  sccdea  with  seven 
degrees.  The  first  form  was  developed  in  Greece  under  the  in- 
fluence of  the  tetrachordal  divisions.  The  ancient  Greek  melodies 
had  a  small  compass  and  few  degrees,  a  peculiarity  especially 
emphasised  even  by  later  authors,  as  Plutarch,  but  it  is  also  found 
among  most  nations  in  the  early  stages  of  their  musical  cultiva- 
tion. Hence  the  scale  was  at  first  formed  within  a  less  compass 
than  an  Octave,  namely  within  the  tetrachord.  On  looking  within 
this  compass  for  the  tones  nearest  related  to  the  limiting  tonic 
{jiiar)\  we  find  only  the  Thirds.  Thus  if  we  assume  e  (the  last 
tone  in  the  the  tetrachord,  h—e)  as  a  tonic,  its  next  related  tone 
within  the  compass  of  that  tetrachord  is  c,  the  major  Third  below 
6.     This  gives  : — 

*  [TakiDg/8  as  the  Tonic,  the  scale  would  be  No.  5,  without  Second  and  Fifth,  thus : 

ft   ~~>^a  —  h  —  ^^d'-e  —  f% 
but  taking  h  as  the  tonic  the  scale  would  be  No.  2,  without  Second  and  Sixth,  as 

b  —  >^  d  —  e  ^  /J  -^  >^  a  —  b 
which  is  altogether  different — Translator,] 

*  [Simply  because  we  temper  the  tone,  and  hence  make  the  Third  a  tempered 
major  Third,  which  we  have  learned  to  endure  in  harmony,  instead  of  a  Pythagorean 
major  Third,  which  would  occur  on  the  theory  of  perfect  Fifths,  and  which  is  too 
dissonant  for  any  ears. — Translator.] 

D  D  2 
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be  tuned  by  means  of  intervals  of  a  Fifth,  giving : 

b  ^^  c  —  d  —  e 

3 64  8^ *■ 

iLAi  SL  5. 

tS  6  8  8 

The  tetrachord  thus  obtained  is  the  Greek  Doric^  which  is 
considered  as  normal,  and  made  the  basis  of  all  considerations  on 
other  scales.  Accordingly  those  tones  which  formed  the  lower 
notes  of  the  semitonic  intervals  of  the  scale,  were,  at  least  theoreti- 
cally, considered  as  the  immovable  limiting  tones  of  the  tetrachord 
while  the  intermediate  tones  might  change  their  position.  Prac- 
tically the  intonation  of  eyen  these  fixed  tones  was  a  little  changed, 
as  Plutarch  tells  us,  which  may  mean  that  in  the  Lydian,  and 
Phrygian  modes,  &c.,  the  tonic  is  not  selected  from  one  of  these 
so-called  fixed  tones  of  the  tetrachords.  Thus  we  shall  see  further 
on,  that  when  d  is  the  tonic,  the  6  in  the  natural  intonation  of 
such  a  scale  does  not  form  a  perfect  Fifth  with  e. 

The  tetrachord  could,  however,  be  diflFerently  completed  by 
inserting  tones  which  formed  major  or  minor  Thirds  with  either 
of  the  extreme  tones. 

Two  minor  Thirds  give  the  Phrygian  tetrachord — 

d  —  e  ^  f  —  g 

If  a  major  Third  were  taken  upwards  from  the  lower  extreme 
tone,  and  a  minor  Third  downwards  from  the  upper  extreme,  we 
obtain  the  Lydian  tetrachord—^ 

c  —  d  —  6  w  / 

Two  major  Thirds  would  form  a  variety  of  the  chromatic  scale: 
6  ^^  c  —  d^  -^y  e^  which  does  not  seem  to  have  been  used,  or  at 
any  rate  not  to  have  been  distinguished  from  the  chromatic  form.* 

These  are  all  the  normal  sub-divisions  of  the  tetrachord  that 

*  [Adopting  the  notation  of  App.  XIX.,  Sect.  A.,  the  pitch  of  the  tones  in  these 
tetrachords  may  be  accurately  written  thus : 

1.  OlympoB ft'^c—          —        9 

2.  Old  Chromatic 6wCwJci—  >-^« 

3.  Diatonic A>-^o—    rf—         « 

4.  Didjmus ft^-^c  —  }rf—        • 

6.  Pythagoras  (Doric,  normal)       ,         .  h  ^^Jo  —  Jrf    —         « 

8.  Unubcd 6  >^  c    —  X'^t^^       e 
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have  been  used.  But  other  subdivigions  occur  which  the  Greeks 
themselves  termed  irrational  {oKoya),  and  we  do  not  know  with 
certainty  how  far  they  were  practically  used.  One  of  them,  the 
soft  diatonic  mode,  makes  use  of  the  interval  6  I  7,  which  is  at 
any  rate  very  near  to  a  natural  consonance,  being  that  between  the 
Fifth  and  the  subminor  Seventh  of  the  fundamental  note,  an  inter- 
val occasionally  used  in  harmonic  music  when  unaccompanied 
singers  take  the  minor  Seventh  of  the  chord  of  the  dominant 
Seventh.     The  intervals  are : 

3  :4 


/^ 


By  lowering  the  Lichanos  the  Parhypate  is  also  flattened. 
However,  the  small  interval  |^  is  very  nearly  the  Pythagorean 
Semitone,  which  expressed  approximately  is  ^.* 

The  equal  diatonic  mode  of  Ptolemy,  which  was  divided  thus : 

3J^4 

11  TT  9 


5  :  6 
contained  a  perfect  minor  Third  divided  as  evenly  as  possible.* 

The  second  forms  of  Na  6  and  7  have  been  given  to  fiunlitate  comparison  with  the 
other  tetrachords  by  using  the  same  extreme  tones.  All  these  tetrachords  from  b  to  e 
(except  No.  6)  can  be  played  in  juat  intonation  on  the  just  concertina,  App.  XIX. 
Sect  G,  No.  1,  and  No.  6  may  be  played  &afa>^b\>—c  —  d.  On  the  just  har- 
monium, No.  6  cannot  be  played,  but  the  others  may  be  played  J,hus :  I,  dfeb  ff, 
2.  d  feb  eg,  Z.  d  feb  t/  y,  4.  d  feb  fg,  ^.  d  e  ^f  g,  7.  gabc,  S.  g  fab 
b  c, — Trantlator.'] 

>  Using  the  notation  of  App.  XIX.  Sect.  A,  and  Table  II.,  ii.  for  septimal  intervals, 
this  tetrachord  may  be  written  thus : 

3:4 
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Trandaior.'\ 
6  :  7 
•  [In  App.  XIX.  Sect.  A,  Table  II.,  I  have  provided  for  septimal,  but  not  for  un- 
decimal  or  tredecimal  intervals.     These  must  be  expressed  by  writing  the  fractions 
against  the  nearest  tone.    Thus  V  c  —  V  x  J  «  =  }|  «t  which  will  therefore  be  the 
proper  way  of  writing  the  tone.    Then  this  tetrachord  may  be  written — 
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There  is  a  similar  succession  of  tones,  in  an  inverse  order,  in 
the  modem  Arabic  scale  as  measured  by  the  Syrian,  Michael 
Meshakah.  *  In  this  case  the  Octave  is  divided  into  twenty- four 
Quarter  tones ;  the  tetrachord  has  ten  of  them,  its  lowest  interval 
four,  and  each  of  the  upper  intervals  three.  Under  these  circimi- 
stances  the  two  upper  intervals  together  form  very  nearly  a 
minor  Third,  which,  as  in  the  equal  didtonic  scale  of  the 
Greeks,  is  divided  into  two  equal  intervals,  without  paying 
regard  to  any  sensible  relationship  of  the  intermediate  tone  thus 
produced.* 

The  closer  the  interval,  the  more  easy  and  certain  is  its  division 
into  two  intervals,  by  the  mere  feeling  for  diflFerence  of  pitch. 
This  is,  in  particular,  possible  for  intervals  which  approach  to  the 
limits  at  which  diflFerences  of  pitch  are  distinguishable  by  the  ear. 
The  distinctness  with  which  the  yet  sensible  diflFerence  can  be  felt 
then  furnishes  a  measure  of  its  magnitude.  In  this  sense  we  have 
probably  to  explain  the  possibility  of  the  later  enharmonic  mode 
of  the  Greeks,  which,  however,  had  already  fallen  into  disuse  in  the 
time  of  Aristoxenus,  and  was  perhaps  hunted  up  again  by  later 
writers  as  an  antiquarian  curiosity.  In  this  mode  the  Semitone  of 
the  ancient  enharmonic  mode  already  mentioned  (No.  I,  p.  404) 
was  again  subdivided  into  two  Quarter  Tones,  so  that  a  tetrachord 
was  produced  like  the  chromatic  one,  but  with  closer  intervals 

3:4 
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Thindator,'] 
6  :  6~" 
'  •  Journal  of  the  American  Oriental  Society/  vol.  i.  p.  178,  1847. 

'  [As  the  equally  tempered  scale  is  diyided  into  12  Semitones,  this  Quarter  Tone 
will  be  half  an  equal  Semitone,  or  ^y,  <■  1*029302,  or  nearly  |f.  Hence  using  ||  as  la 
Appendix  XIX.  Table  II.,  iii.,  for  denoting  the  notes  in  the  equal  temperament,  the 
tetrachord  of  the  text  might  be  written : 

11/-  II  ^»>  "  15  II  ^»  -  ^ 

'^,» :  1 

If  such  Quarter  Tones  were  in  use  it  would  be  necessary  to  have  a  special  sign  as  1 1 1 
to  represent  them,  so  that  the  series  would  begin  \\c  ^  111^  ~~  11^^  ~  Ilk'  ~~ 
\\d  -  \\\d  —  \\dU  ^\\d%,  &c^  and  the  additional  bar  means,  'multiply  by  ^,.' 
— TraHdl(Uar,2 
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between  the  adjacent  tones.     The  division  of  this  enluirmanic 
tetrachord  ^  was 

3  :4 
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This  Quarter  Tone  can  only  be  considered  as  a  transition  in  the 
melodic  movement  towards  the  lowest  extreme  of  the  tetrachord. 
A  similar  interval  occurs  in  this  way  in  existing  Oriental  music. 
A  distinguished  musician  whom  I  requested  to  pay  attention  to  it 
on  a  visit  to  Cairo,  wrote  to  me  as  follows  :  '  This  evening  I  have 
been  listening  attentively  to  the  song  on  the  minarets,  to  try  to 
appreciate  the  Quarter  Tones,  which  I  had  not  supposed  to  exist,  a« 
I  had  thought  that  the  Arabs  sang  out  of  tune.  But  to-day  as  I 
was  with  the  dervishes  I  became  certain  that  such  Quarter  Tones 
existed,  and  for  the  following  reasons.  Many  passages  in  litanies 
of  this  kind  end  with  a  tone  which  was  at  first  the  Quarter  Tone 
and  then  ended  in  the  pure  tone.  As  the  passage  was  frequently 
repeated,  I  was  able  to  observe  this  every  time,  and  I  found  the 
intonation  invariable.'  The  Greek  writers  on  music  themselves 
say  that  it  is  difficult  to  distinguish  the  enharmonic  Quarter  Tones. 

The  later  interpreters  of  Greek  musical  theory  have  mostly 
advanced  the  opinion  that  the  above-mentioned  diflFerences,  which 
the  Greeks  called  colourings  (;^/>oat),  were  merely  speculative  and 
never  came  into  practical  use.^  They  consider  that  these  dis- 
tinctions were  too  delicate  to  produce  any  esthetic  eflFect  except  on 
an  incredibly  well  cultivated  ear.  But  it  seems  to  me  that  this 
opinion  could  never  have  been  entertained  or  advanced  by  modem 
theorists,  if  any  of  them  had  practically  attempted  to  form  these 
various  tonal  modes  and  to  compare  them  by  ear.  On  an  harmo- 
nium which  will  shortly  be  described  I  am  able  to  compare  natural 

*  [If  we  use  Z  for  fj,  this  tetrachord  may  then  be  written 

3  :4 
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16  :  16  Transf/itor.] 

'  Even  Bellerman  is  of  this  opinion  ('  Touleitern  der  Griechen/  p.  27).  Weetphal, 
in  his  'Fragraenten  der  Griechischen  Rhythmiker/  p.  209,  has  ooUected  passages 
from  Greek  writers  proving  the  real  practical  use  of  these  intervals.  According  to 
Plutarch  ('  De  Mu»ica,'  pp.  38  and  30),  the  later  Greeks  had  even  a  preference  for  these 
surviving  intervals. 
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intonatioB  with  Pythagorean,  and  to  play  the  diatonic  mode  at  one 
time  after  the  method  of  Didymus  and  at  another  after  that  of 
Ptolemy,  and  also  to  make  other  deviations.  It  is  not  at  all 
difficult  to  distinguish  the  difference  of  a  comma  f^  in  the  into- 
nation of  the  different  degrees  of  the  scale,  when  well-known 
melodies  are  performed  in  different  'colourings,'  and  every 
musician  with  whom  I  have  made  the  experiment  has  imme- 
diately heard  the  difference.  Melodic  passages  with  Pythagorean 
Thirds  have  a  strained  and  restless  effect,  while  the  natural  Thirds 
make  them  quiet  and  soft,  although  our  ears  are  habituated  to 
the  Thirds  of  the  equal  temperament,  which  are  nearer  to  the 
Pythagorean  than  to  the  natural  intervals.  Of  course  where 
delicacy  in  any  artistic  observations  made  with  the  senses,  comes 
into  consideration,  modems  must  look  upon  the  Greeks  in  general 
as  unsurpassed  masters.  And  in  this  particular  case  they  had 
very  good  reason  and  abundance  of  opportunity  for  cultivating 
their  ear  better  than  ours.  From  youth  upwards  we  are  ac- 
customed to  accommodate  our  ears  to  the  inaccuracies  of  equal 
temperament,  and  the  whole  of  the  former  variety  of  tonal  modes, 
with  their  different  expression,  has  reduced  itself  to  such  an  easily 
apprehended  difference  as  that  between  major  and  minor.  But 
the  varied  gradations  of  expressions  which  modems  attain  by 
harmony  and  modulation,  had  to  be  effected  by  the  Greeks  and 
other  nations  that  use  homophonic  music,  by  a  more  delicate  and 
varied  gradation  of  the  tonal  modes.  Can  we  be  surprised,  then, 
if  their  ear  became  much  more  finely  cultivated  for  differences  of 
this  kind  than  it  is  possible  for  ours  to  be  ? 

The  Greek  scale  was  soon  extended  to  an  Octave.  Pythagoras 
is  said  to  have  been  the  first  to  establish  the  eight  complete 
degrees  of  the  diatonic  scale.  At  first  two  tetrachords  were  con- 
nected in  such  a  way  as  to  have  a  common  tone,  the  iiiarj : 


V ^ '    V- 


which  produced  a  scale  of  seven  d^rees.     Then  this  scale  was 
changed  into  the  following  form  : 

e  -^^  f  —  g  —  a  —  6--^  —  d  —  e 


and  thus  made  to  consist  of  a  tetrachord  and  a  trichord,  of  which 
mention  has  already  been  made  (p.   397).     Finally  Lichaou  of 
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Samos,  (according  to  Boethius,)  or  Pythagoras,  (according  to  Nico- 
machus,)  completed  the  trichord  into  a  tetrachord,  and  thus 
established  a  scale  consisting  of  two  disjunct  tetrachords. 

The  diatonic  scale  thus  obtained  could  be  continued  either 
way  at  pleasure  by  adding  higher  and  lower  octaves,  and  then  pro- 
duct a  regularly  alternating  series  of  Tones  and  Semitones.  But 
for  each  piece  of  music  a  portion  only  of  this  unlimited  diatonic 
scale  was  employed,  and  the  tonal  systems  were  distinguished  by 
the  character  of  the  portions  selected. 

These  sectional  scales  might  be  produced  in  very  different  ways. 
The  first  practical  object  which  necessarily  forces  itself  on  atten- 
tion, as  soon  as  an  instrument  with  a  limited  number  of  strings, 
like  the  Greek  lyre,  is  used  for  executing  a  piece  of  music,  is,  of 
course,  that  there  should  be  a  string  for  every  musical  tone 
required.  This  prescribes  a  certain  series  of  tones  which  must  be 
provided  and  tuned  on  the  instrument.  Now  as  a  rule  when  a 
certain  series  of  tones  is  thus  prescribed  as  a  scale  for  the  tuning 
of  a  lyre,  no  question  is  raised  as  to  whether  a  tonic  is  to  be  dis- 
tinguished or  not,  or  if  so  which  it  should  be.  A  tolerable  number 
of  melodies  may  be  found  in  which  the  lowest  tone  is  the  tonic : 
others  in  which  an  interval  below  the  tonic  is  touched ;  and  others, 
again,  in  which  the  Fifth  or  Fourth  above  the  Octave  below  the 
tonic  is  used.  This  is  the  kind  of  difference  between  the  authentic 
and  plagcU  scales  of  the  middle  ages.  In  the  authentic  scales  the 
deepest  tone  of  the  scale,  in  the  plagal  its  Fifth,  was  the  tonic ; 
thus : — 

FiBST  Authentic  Ecclesiastical  Scale,  tonic  d. 


d  —  e  —  /  —  g  —  a  —  b  —  c  —  d 

♦^^  -^ 

FouBTH  Plagal  Scale,  tonic  g. 


d  —  e  —  /  —  g  —  a  —  6  —  c  —  d 

\ 


■^x- 


The  scales  were  looked  upon  as  composed  of  a  Fifth  and  a 
Fourth,  as  the  brackets  shew.  In  the  authentic  tone  the  Fifth 
lay  below  ;  in  plagal,  above.  Now  if  we  have  nothing  else  before 
us  but  a  scale  of  this  kind,  which  marks  out  the  accidental  com- 
pass of  a  series  of  melodies,  we  can  collect  but  little  respecting 
the  key.     Such  scales  themselves  may  be    fittingly  termed  ocai- 
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d&iital.  They  comprise,  among  others,  the  medieval  plagal  scales. 
On  the  other  hand,  those  scales  which,  like  the  modem,  are 
bomided  at  each  extremity  by  the  tonic,  may  be  termed  eaaejir- 
tied.  Now  practical  needs  clearly  lead  in  the  first  place  to  acci- 
dental scales  alone.  When  a  lyre  had  to  be  tmied  to  accompany 
the  human  voice  in  miison,  it  was  indispensably  necessary  that  aU 
the  tones  required  should  be  present.  There  was  no  immediate 
practical  need  for  marking  the  tonic  of  a  song  sung  in  unison,  or 
even  to  become  fully  aware  that  it  had  a  tonic  at  all.  In  modem 
music,  where  the  structure  of  the  harmony  essentially  depends  on 
the  tonic,  the  case  is  entirely  different.  Theoretical  considerations 
on  the  structure  of  melody  could  alone  lead  to  distinguishing  one 
tone  as  tonic.  It  has  been  already  mentioned  in  the  preceding 
chapter,  that  Aristotle,  as  a  writer  on  esthetics,  has  left  a  few 
notices  indicating  such  a  conception,  but  that  the  authors  who 
have  especially  written  on  music  say  nothing  about  it. 

In  the  best  times  of  Greece,  song  was  usually  accompanied  by 
an  eight-stringed  lyre,  tuned  so  as  to  embrace  an  Octave  of  tones 
selected  from  the  diatonic  scale.     These  were  the  following : — 


1.  Lydian     .     .     .c  —  d  —  e — /  —  g  —  a  —  b  —  c 

/ * s 

2.  Phrygian.     .     .d  —  e — /  —  g  —  a  —  b  —  c  —  a 


3.  Doric  .     .     .     .  e  —  /  —  g  —  a  —  b  —  c  —  d  —  e 


4.  Hypo-lydian .     ./  —  g  —  a  —  b  —  c  —  d  —  e  — / 

5.  Hypo-phrygian  1 


(Ionic).     .     \9-a-b-~c-d-e-f-g 

6.  Hypo-doric        "j  ^ . ^ 

(Eolic  or  Lo-  >a  —  b  —  c  —  d  —  e  —  /  —  g  —  a 
ian)    .     .     J  ^ ^ ' 


cnan 


7.  Mixo-lydian  .     .6  —  c  —  d  —  e  — /  —  g  —  a  —  b  —  (c) 

Hence  any  one  of  the  tones  in  the  diatonic  scale  could  be  used 
as  the  initial  or  final  extremity  of  such  a  tonal  mode.  The  Lydian 
and  Hypolydian  scales  contain  Lydian,  the  Phrygian  and  Hjrpo- 
Phrygian  contain  Phrygian,  and  the  Doric  and  Hypodoric  contain 
Doric  tetrachords.  In  the  Mixolydian  two  Lydian  tetrachords 
seem  to  have  been  assumed,  one  of  which  was  divided,  as  shewn 
by  the  ties  above. 
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The  scales  or  tropes  of  the  best  Greek  period  have  hitherto 
been  considered  as  essential,  that  is,  the  lowest  tone  or  hypate  has 
been  considered  as  the  tonic.  But  I  cannot  find  any  definite 
ground  for  this  assumption.  What  Aristotle  says,  as  we  have 
seen,  makes  the  middle  tone  or  meae,  function  as  the  tonic,  but 
yet  it  cannot  be  denied  that  other  attributes  of  our  tonic  belong 
to  the  hypate.^  Whatever  may  have  been  the  real  state  of  the 
case,  whether  the  rnese  or  hypaJte  be  regarded  as  the  tonic,  whether 
the  scale  be  considered  as  all  authentic  or  all  plagal,  it  is  ex- 
tremely probable  that  the  Greeks,  among  whom  we  first  find  the 
complete  diatonic  scale,  took  the  liberty  of  using  every  tone  of 
this  scale  as  a  tonic,  just  as  we  have  seen  that  every  one  of  the 
five  tones  forming  the  scales  of  the  Chinese  and  Gaels  occasionally 
functions  as  a  tonic.  The  same  scales  are  also  found,  probably 
handed  down  immediately  by  ancient  tradition,  in  the  ancient 
Christian  ecclesiastical  music. 

Hence  if  we  disregard  the  chromatic  and  enharmonic  scales, 
and  the  apparently  arbitrary  scales  of  the  Asiatics,  none  of  which 
have  shewn  themselves  capable  of  further  development,  homo- 
phonic  vocal  music  developed  seven  diatonic  scales,  which  differ 
from  one  another  in  about  the  same  way  as  our  major  and  minor 
scales.  These  differences  will  be  better  appreciated  by  making 
them  all  begin  with  the  same  tonic  c. 

*  R.  Westphal,  in  his  '  Geschichte  der  alien  und  mittelalterlichen  Music/  BresUu, 
1864,  which  is  unfortunately  still  incomplete,  uses  the  above  citations  from  AristoUe, 
to  fmme  an  hypothesis  on  the  tonic  and  final  cadence  of  the  above  scales.  But  he 
applies  the  remarks  of  Ari&totle  only  to  the  Doric,  Phrygian,  Lydian,  Mizolydian  and 
Locrian  scales,  and  not  to  the  Eolic  and  Ionic,  which  were  also  known  at  that  time, 
although  the  ground  for  their  exclusion  is  not  apparent.  In  the  first  four  of  these  he 
takes  the  mese  as  tonic  and  the  hypate  as  the  terminal  tone.  In  those  scales  dis- 
tinguished by  the  prefix  Hifpo-,  the  hypate  was  both  tonic  and  t^jrminal ;  but  in  those 
having  the  prefix  St/ntono-,  the  hypate  was  both  terminal  and  the  Third  of  the  tonic^ 
and  the  same  was  the  case  perhaps  for  the  Boeotian  scale,  which  is  only  mentioned 
once.  Hence  it  follows  that  the  minor  scale  of  A  occurs  as  Doric  with  the  terminal  e, 
as  Hypodoric  with  the  terminal  a,  as  Boeotian  with  the  terminal  c.  MoreoTer  the 
Mixolydian  would  be  a  minor  scale  of  £,  with  a  minor  Second,  and  a  terminal  in  b; 
the  Locrian  a  minor  scale  of  D  with  a  major  Sixth,  and  a  terminal  in  a ;  the  Phrygian, 
Hjrpophrygian  or  lastic,  and  the  Syntono-iastic,  major  scales  of  (r,  with  a  minor 
Seventh,  tlie  terminals  being  d,  g,  and  h  respectively.  Finally  the  Lydian,  Hypolydian 
and  Syntono-lydian  would  be  major  scales  of  F,  with  superfluous  Fourth,  and  with 
the  teriiiinals  c,  /,  and  a  respectively.  But  according  to  Westphal  the  normal  major 
scale  was  entirely  absent.  If  the  Ionic  were  interpreted  according  to  the  words  of 
Aristotle,  it  would  yield  a  correct  major  scale.  The  tonic  F  with  B  (^instead  of  B^ ) 
as  its  Fourth,  has  a  totally  imposhible  appearrince  to  modern  musical  feeling. 
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Ancient  Greek 
Names 

Soales  beginning  with  e 

Glarean'B 

BoclesiasUoal 

Names 

Proposed  new 
Names 

• 

Mode  of  the 

1.  Ljdian 

2.  Ionic    . 

e-d 

-9 
-9 

-a    -6    -(/ 
«rt    -6b -c' 

Ionic 
r  Mixo-  \ 

r  First 
\  (ffu^ar) 

Fourth 

3.    Phrygian 

c^d 

-tfb-/ 

-9 

-a    -6b -c' 

Doric 

r  minor 
\  Seyenth 

4.    Eolic    . 

e-d 

-eb-/ 

-9 

-ab-6b-t' 

EoUc 

f  minor 
\    Third 
L  (minor) 

5.    Doric  . 

c-rf 

-e\>-f 

-9 

-ab-ftb-c' 

Phrygian 

/  minor 
\  Sixth 

6.  [Mixo-]ydian. 

7.  -  Syntono- 
(     lydiiui 

c^db 
c—d 

-e    -ft 

-^b 
-9 

-flb-6b-y 
-a    -6    -</ 

Lydian   • 

/                                 \ 

r  minor 
\  Second 

Fifth 

To  assist  the  reader  I  have  added  the  names  assi<med  to  tlie 
ecclesiastical  modes  by  Glarean,  which  were  wrongly  distributed 
among  the  scales  owing  to  his  confusing  the  older  tonal  modes  with 
the  later,  transposed,  minor  Greek  scales,  but  which  are  more 
known  among  musicians  than  the  proper  Greek  names.  But  I 
shall  not  use  Glarean's  names  without  expressly  mentioning  that 
they  refer  to  an  ecclesiastical  mode.  It  would  be  really  better  to 
forget  them  altogether.  The  old  numerical  notation  of  Ambrose 
was  much  more  suitable,  but  as  his  figures  have  been  altered  again 
and  do  not  suffice  for  all  modes,  I  have  ventured  to  propose  a  new 
nomenclature  in  the  above  table,  which  will  save  the  reader  the 
trouble  of  memorising  the  systems  of  Greek  names,  of  which 
Glarean's  are  certainly  wrong,  and  the  others  are  also  perhaps  not 
quite  correctly  applied.  The  principle  of  the  new  nomenclature  is 
this.  By  *  the  mode  of  Fourth  of  (7,'  is  meant  a  mode  of  which  C 
is  the  tonic,  but  which  has  the  same  signature  (or  additional  #  and 
\^  signs)  as  the  major  scale  formed  on  the  Fourth  of  the  diatonic 
scale  beginning  with  C;  that  is  on  F.  The  minor  Seventh,  minor 
Third,  minor  Sixth,  and  minor  Second  must  always  be  understood 
as  the  intervals  intended  in  this  case.'  If  the  major  intervals  were 
selected  the  tonic  would  not  occur  in  their  scales.  Thus  '  the  mode 
of  the  minor  Third  of  (7 '  is  the  scale  with  the  tonic  G.  having  the 
signature  of  E\}  major  (that  is  B\}^  E\}^  ilb),  because  E\^  is  the 
minor  Third  of  (7;  this  is  therefore  C  minor,  at  least  as  it  is  played 

'  [The  qualiftcation  minor  will  therefore  be  always  used  in  this  translation,  and  has 
been  inserted  in  the  above  table. — Translator. 1 
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in  the  descending  scale.  I  hope  the  reader  will  have  no  difficulty 
in  understanding  what  is  meant  by  this  notation.' 

This  was  the  tonal  system  in  the  best  times  of  Greek  art^  up 
to  the  Macedonian  empire.  Airs  were  at  first  limited  to  a  tetra- 
chord,  as  is  still  often  the  case  in  tlte  Roman  Catholic  liturgy. 
They  were  afterwards  extended  to  an  Octave.  Longer  scales  were 
not  necessary  for  singing,  as  the  Greeks  refused  to  employ  the 
straining  upper  notes  and  unmetallic  deep  notes  of  the  human 
voice.  Modem  Greek  songs,  of  which  Weitzmann  has  made  a 
collection,*  have  also  a  surprisingly  small  compass.  If  Phrynis 
(victor  in  the  Panathenaic  competitions,  b.c.  457)  added  a  ninth 
string  to  his  cithara,  the  chief  advantage  of  the  arrangement  was 
to  allow  of  passing  from  one  kind  of  scale  to  another. 

The  later  Greek  scale,  which  first  occurs  in  Euclid's  works  of 
the  third  century  B.C.,  embraces  two  Octaves,  thus  arranged : 

A    added  Tone  Proalambanomenos 

B 


c 
d 


) 


lowest  Tetrachord      Tetra.  hypaton 


J    middle  Tetrachord     Teira.  Tneson 


9 
a 


disjunct  Tetra. 
T.  diezeugmenon 


a 


conjunct  Tetr. 
T.  ayrienvmenon. 


b 
</ 
df 

/'     superfluous  Tetr. 
(f     T.  hyperbolaion. 

'  [In  Appendix  XIX.  Section  D,  I  hare  endeavoured  to  deduce  scales  for  harmonic 
iisey  from  a  general  theory  of  harmony  which  determines  the  precise  value  of  each 
tone  as  part  of  a  chord,  and  I  have  given  precise  names  for  them,  which  are  exemplified 
in  Table  III.  In  that  table  I  have  also  included  the  Greek  scales,  on  the  assumption 
of  Pythagorean  intonation,  and  exhibited  the  difference  between  them  and  those  in 
just  intonation.  This  harmonic  deduction  of  scales  is  quite  independent  of  the  his- 
torical melodic  deduction  in  the  text  In  the  preceding  table  the  precise  intonation  of 
each  scale  is  not  given.  That  is  considered  afterwards.  In  the  Table  III.  of  Appendix 
XIX.,  I  have  referred  back  to  Prof.  Helmholtz's  names,  in  relation  to  the  harmonies 
with  which  he  subsequently  connects  them,  and  not  in  relation  to  the  present  identifica- 
tion with  the  Greek  scales,  which  were  excluded  from  a  purely  harmonic  investigation. — 
Translator,']  *  'Geschichte  der  Griecischen  Musik,'  Berlin,  1865. 
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This  scheme  gives  first  the  Hypodoric  scale  (No.  6  of  p.  411) 
for  two  Octaves,  and  then  an  added  tetrachord  which  introduces 
a  6t>  in  addition  to  the  6,  and  thus  in  modem  language,  allows  of 
modulation  from  the  principal  scale  into  that  of  the  subdominant.^ 

This  scale,  essentially  of  a  minor  character,  was  transposed,  and 
thus  a  new  series  of  scales  were  generated  that  correspond  with 
the  (descending)  minor  scales  of  modem  music  To  these  were 
applied  the  old  names  of  the  tonal  modes,  by  giving  originally  to 
each  minor  mode  the  name  belonging  to  that  tonal  mode  which 
was  formed  by  the  section  of  the  minor  scale  which  lay  between 
the  extreme  tones  of  the  Hypodoric*  scale.  According  to  the 
Greek  method  of  representing  the  notes,  these  extreme  tones 
would  have  to  be  written  /  —  /.  Their  actual  pitch  was  probably 
a  Third  lower.  Thus  the  minor  scale  of  D  was  called  Lydian, 
because  in  this  scale — 

d— 6—  I/— gr— a— 6b— c— d— 6— /  |  gr— a— 6t>— c— d 

the  section  of  the  scale  lying  between  the  extreme  tones  /  and  / 
belonged  to  the  Lydian  tonal  mode.  In  this  way  the  old  names  of 
the  tonal  'modes  altered  their  meaning  into  those  of  tonal  keys. 
The  following  table  shews  the  correspondence  of  these  names  : — 


1)  Hypo-doric  =  F    minor 

2)  Hypo-ionic  =  Ft  minor 

(ueeper  Hypo-phrygian) 

3)  Hypo-phrygian  *=»  G    minor 

4)  Hypo-eolic  »  Gt  minor 

(deeper  Hypo-lydian) 

5)  Hypo-lydian  »  A     minor 


6)  Doric 

7)  Ionic 

(deeper  Phrygian) 


a  Bb  minor 
=  B     minor 


8)  Phrprgian  «  C    minor 

9)  Eohc  a-  CS  minor 

(deeper  Lydian) 

10)  I^raiaQ  «  2>    minor 

11)  Hyper-doric        »  Eb  minor 

(Mixo-lprdian) 

12)  Hyper-ionic         =  E    minor 

(higher  Mixo-Iydian) 
18)  Hyper-phrygian  =  /    minor 

(Hyper-mixo-lydian) 
14)  Hyper-eolic  =  /U  minor 

16)  Hyper-lydian       »=  g     minor; 


CO 

0 

U    O 

e8 


Within  each  of  these  scales  each  of  the  previously  mentioned 
tonal  modes  might  be  formed,  by  using  the  corresponding  part  of 
the  scale.  Besides  this  it  was  possible  to  pass  into  the  conjimct 
tetrachord  and  thus  modulate  into  the  tonal  key  of  the  sub- 
dominant. 

*  Singularly  enough  this  species  of  musical  scale  has  been  preserved  in  the  Ziller- 
thal  in  Tyrol,  for  the  wood-harmonica.  This  scale  has  two  rows  of  sticks.  One 
forms  a  regular  diatonic  scale  with  the  disjunct  tetrachord.  The  other,  which  liee 
deep,  has  the  coi^unct  tetrachord  in  its  upper  part. 

*  [This  seems  to  be  an  error  for  Hypolydian,  No.  4  of  p.  411. — ThindatorJ] 
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The  experiments  on  transposition  which  formed  the  basis  of 
these  scales  shewed  that  the  Octave  might  be  considered  as  com- 
posed approximatively  of  twelve  Semitones.  Even  Aristoxenus 
knew  that  by  taking  a  series  of  twelve  Fifths  we  reached  a  tone 
that  was  at  least  very  near  to  a  higher  Octave  of  the  initial  tone. 
Thus  in  the  series 

he  identified  c#  with  /,  and  by  thus  closing  the  series  of  tones 
he  obtained  a  circle  of  Fifths.  Mathematicians  denied  the  fact, 
and  with  reason,  because  if  the  Fifths  are  taken  perfectly  true,  eiff 
is  a  little  sharper  than  /.  For  practical  purposes,  however,  the 
error  was  quite  insensible,  and  might  be  justly  neglected  in  homo- 
phonic  music  in  particular.^ 

This  closes  the  development  of  the  Greek  tonal  system.     Com- 
plete as  is  our  acquaintance  with  its  outward  form,  we  know  but 
little  of  its  real  nature,  because  the  examples  of  melodies  which  we 
possess  are  not  only  few  in  number,  but  very  doubtful  in  origin. 
Whatever  may  have  been  the  nature  of  tonality  in  Greek  scales, 
and  however  numerous  may  be  the  questions  about  it  that  are  still 
unresolved,  yet  so  far  as  the  theory  of  the  general  historical  develop- 
ment of  tonal  modes  is  concerned  we  learn  all  we  want  from  the 
laws  of  the  earliest  Christian  ecclesiastical  muisic,  which  at  its  com- 
mencement touched  upon  the  ancient  construction  as  it  died  out. 
In  the  fourth  century  of  our  era.  Bishop    Ambrose,    of    Milan, 
established  four  scales  for  ecclesiastical  song,  which  in  the  un- 
transposed  diatonic  scale  were : 

*  It  is  by  no  means  an  unimportant  fact,  for  our  appreciation  of  the  Greek  scale, 
that  a  Ante  was  found  in  the  royal  tombs  at  Thebes  in  Egypt  (now  in  the  Florentine 
Museum,  No.  2,688),  which,  according  to  M.  F^tis,  who  examined  it,  gave  an  almost 
perfect  scale  of  Semitones  for  about  an  Octave  and  a  half;  namely, 

Series  of  primes a      b  b     f»         r^c'ScT 

First  upper  partial  tones  .  ,    a'     h*  b     b'        c"     c"  t     rf" 

Second  upper  partial  tones  .  .  .  «"  /"  ft  g"  ft  oT 
Third  upper  partial  tones  ....  a"  V'b  b"  d"  cf'*t  d"* 
Representations  of  such  flutes  are  found  in  the  very  oldest  Egyptian  monuments. 
They  are  very  long,  the  holes  are  all  near  the  end,  and  hence  the  arms  must  have 
been  greatly  stretched,  giving  the  player  a  characteristic  position.  The  Greeks  can 
scarcely  have  been  ignorant  of  this  scale  of  Semitones.  That  it  was  not  introduced 
into  their  theory  till  after  the  time  of  Alexander,  clearly  shews  the  preference  they 
gave  to  the  diatonic  scale. 
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Firstkey:    d-e-f-g~a-h--c-d\'^'^^''J^^^^ 

I  minor  Seventh* 

(mode  of  the 
Second  key:  e  -f-g-a-h-c  —  d-  «Uinor  Sixth. 

'mode  of  the 

Third  key:  f  —g  —  a  —  h  —  c  —  d  —  e  —  f  ¥\it]x 

(mimelodic). 

^      . ,  ,  L  J  X         (mode  of  the 

Fourthkeyrfir  — a  — 6— c  ^ d  —  e—f  —  g^^^^^^^ 

The  variable  character  of  the  tone  6,  which  was  transmutable 

into  fcb  1"  ^^  later  Greek  scales,  remained,  and  produced  the 

following  scales : — 

^.    ,  7  X  11  T  (mode  of  the 

First:       rf_«_/_^_a-6b-o-.i|^.^^^^,^.^^ 

[mode  of  the 
Second :    e  — /  — g —  a  —  &[> —  c  —  d  —  e  -j  minor  Second 

((unmelodic). 


Third:      /  —  g  —  a  —  &[> —  ^ — ^ —  ^  —  / 


(mode  of  the 
(mode  of  the 


1  First  (7>ia;or). 


Fourth:    g— a  —  b\}— c  —  d— e  —  f—g  .     . 

I  mmor  Seventh. 

There  can  be  no  doubt  that  these  Ambrosian  scales  are  to  be 
regarded  as  essential  (see  p.  411),  for  the  old  rule  is  that  melodies 
in  the  first  are  to  end  in  d^  those  in  the  second  in  e,  those  in  the 
third  in/,  and  those  in  the  fourth  in  g,  and  this  marks  the  initial 
tones  of  the  scale  as  tonics.  We  may  certainly  assume  that  this 
arrangement  was  made  by  Ambrose  for  his  choristers  as  a  practical 
simplification  of  the  old  musical  theory,  which  was  overladened 
with  an  inconsistent  nomenclature,  and  this  leads  us  to  conclude 
that  we  were  right  in  conjecturing  that  the  similar  older  Greek 
scales  could  have  been  really  used  as  different  essential  scales. 

Pope  Gregory  the  Great  inserted  between  the  Ambrosian 
essential  scales  the  same  number  of  accidental  scales  (pp.  410-11), 
called  plagalj  proceeding  from  the  Fifth  to  the  Fifth  of  the  tonic. 
Tlie  Ambrosian  scales  were,  then,  called  authentic  for  distinction. 
The  existence  of  tliese  plagal  ecclesiastical  scales  helped  to  increase 
the  confusion  which  broke  over  the  ecclesiastical  scales  towards 
the  end  of  the  middle  ages,  as  composers  began  to  neglect  the 
rules  which  fixed  the  terminal  tones,  and  this  confusion  assisted  in 
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favouring  a  "freer  development  of  the  tonal  system.  This  confusion 
also  shewed,  as  we  remarked  in  the  last  chapter,  that  no  feeling 
for  the  thorough  predominance  of  the  tonic  was  much  developed 
in  the  middle  ages.  But  a  step,  at  least,  was  made  in  advance  of 
the  Greeks,  by  recognising  as  a  rule  that  the  piece  should  close  on 
the  tonic,  altho^igh  this  nde  was  not  always  observed. 

Glarean  endeavoured  in  1 547  to  reduce  the  theory  of  the  scales 
to  order  again,  in  his  Dodecachordon.  He  shewed  by  an  examina- 
tion of  the  musical  compositions  of  his  contemporaries,  that  six^ 
and  not  four,  authentic  scales  should  be  distinguished,  and  adorned 
them  with  the  Greek  names  in  the  table  on  p.  413.  Then  he 
assumed  six  plagal  scales,  and  hence  on  the  whole  distinguished 
twelve  tonal  keys,  whence  the  name  of  his  book.  Hence  down  to  the 
sixteenth  centiury  essential  and  accidental  scales  were  reckoned  as 
parts  of  one  series.  Among  Glarean's  scales  one  is  unmelodic, 
namely  the  mode  of  the  Fifth,  which  he  calls  the  Lydian.  There 
are  no  examples  of  these  to  be  foimd,  as  we  know  from  a  careful 
examination  of  medieval  compositions  made  by  Winterfeld,^  and 
this  confirms  Plato's  opinion  of  the  Mixolydian  and  Hypolydian 
modes. 

Hence  there  remain  the  following  five  melodic  tonal  modes 
applicable  strictly  for  homophonic  and  polyphonic  vocal  music, 
namely : 


1 

2 
3 
4 
6 

In  onr  Nomenclature 

Ancient  Greek 

Glarean's  Names 

Scale 

Major  Mode     . 
Mo<le  of  the  Fourth 
Mode  of  the  minor  Seventh 
Mode  of  the  minor  Third 
Mode  of  the  minor  Sixth  . 

Lydifin 

Ionic 
Phrygian 
Fy>lic 
Doric 

Ionic 

Mixolydian 

Doric 

Eolic 

Phrygian 

D-d 
A  --  a 
J?-  e 

The  rational  construction  of  these  scales  when  extended  to  the 
Octave  or  beyond  the  Octave  results  from  the  principle  of  tonal 
relationship  already  explained.  The  limits  of  the  extent  to  which 
tones  related  in  the  first  degree  should  be  used,  are  determined  by 
the  necessity  of  avoiding  intervals  too  close  to  be  distinguished 
with  certainty.  The  larger  gaps  thus  left  have  to  be  filled  with 
the  tones  most  nearly  related  in  the  second  degree. 


*  von  Winterfeld's  'Johannes  Gabricli  und  sein  Zeitalter,'  Berlin,  1834,  vol.  i.  pp.73 
to  108. 
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The  Chinese  and  Gaels  made  the  whole  Tone  ^-^  the  smallest 
interval.  The  Orientals,  as  we  have  seen,  still  retain  Quarter  Tones. 
The  Greeks  experimented  with  them,  but  soon  gave  them  up  and 
kept  to  the  Semitone  -{-^  as  the  smallest. 

European  nations  have  followed  Greek  habits,  and  retained  the 
Semitone  IJ  as  the  limit.  The  interval  between  E\}  (f)  and  E  (^), 
and  between  A\}  (f )  and  A  (f )  in  the  natural  scale  is  smaller, 
being  f^^,  and  we  consequently  avoid  using  both  E\}  and  E,  or  both 
A\}  and  A  in  the  same  scale.  We  thus  obtain  the  following  two 
series  of  intervals  between  the  most  nearly  related  tones  for 
ascending  and  descending  scales  : 

Ascending :    c e    —  /  —   g  —    a (/ 

A  14.         SL  \j>  4 

4              15        8          9               5 
Descending:  c A\}  —  G  —  F  —  E\} C 

The  nimibers  below  the  series  shew  the  intervals  between  the  two 
tones  between  which  they  are  placed. 

It  is  at  once  seen  that  the  intervals  from  and  to  the  tonic  are 
too  large,  and  might  be  further  divided.  But  as  we  have  come  to 
the  limits  of  relationship  in  the  first  degree,  we  have  to  fill  these 
gaps  by  tones  related  in  the  second  degree. 

The  closest  relationship  in  the  second  degree  is  necessarily 
fiu^ished  by  the  tones  most  nearly  related  to  the  tonic.  Among 
these  the  Octave  stands  first.  The  tones  related  to  the  Octave  of 
the  tonic  are  of  course  the  same  as  those  related  to  the  tonic 
itself;  but  by  passing  to  the  Octave  of  the  tonic  we  obtain  the 
descending  in  place  of  the  ascending  scale,  and  convei-sely. 

Tlius,  ascending  from  c  we  found  the  following  degrees  of  our 
major  scale — 

c e  —  f  —  g  —  a c' 

But  taking  the  tones  related  to  c',  we  obtain— 

c e\^  —  f  —  g  —  a\} (/. 

Hence  the  second  degree  of  relationship  to  the  tonic  gives  an 
ascending  minor  scale.  In  this  scale  e\^  is  given  as  the  major 
Sixth  below  c\  But  it  has  also  the  weak  relationship  to  c  marked 
by  5  :  6.  Now  we  found  that  the  sixth  partial  of  a  compound 
tone  was  clearly  audible  in   many  qualities  of   tone  for  which 

B  B  2 
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the  seventh  or  eighth  could  not  be  heard ;  for  example,  on  the 
pianoforte,  the  narrower  organ  pipes,  and  the  mixture  stops  of  the 
organ.  Hence  the  relationship  expressed  by  5  •  6  may  often 
become  evident  as  a  natural  relationship  in  the  first  degree.  This, 
however,  could  scarcely  be  the  case  for  the  relationship  c  —  oj^  or 
5  I  8.  Hence  it  is  more  natural  to  change  e  into  e\}  than  a  into 
a|>  in  the  ascending  scale.  The  latter,  at>,  can  only  be  related  to 
the  tonic  in  the  second  degree.  Hence  the  three  ascending  scales 
in  order  of  intelligibility  are — 

c e    — /  —  g  —  a <f 

c eb  — /  —  g  —  a (f 

c ^  —f  —  g  —  a\} (/ 

These  distinctions  based  on  a  relationship  in  the  second  degree, 
through  the  medium  of  the  Octave,  are  certainly  very  slight,  but 
they  make  themselves  felt  in  the  well-known  transformation  of  the 
ascending  minor  scale,  to  which  these  distinctions  clearly  refer. 

Descending  from  c,  instead  of  the  relations  in  the  first  degree, 
given  in 

0 A\}  —  0  —  F  —  E\^ C 

we  may  assume  relations  in  the  second  degree,  that  is  of  the 
deeper  (7,  and  obtain 

c A  —  0  —  F  —  E C 

In  the  latter,  A  is  connected  with  the  initial  tone  by  the  distant 
relationship  in  the  first  degree,  5  16,  and  E  only  by  a  relationship 
in  the  second  degree.     Hence  the  third  descending  scale 

c A  —  Q  —  F  —  E\^ C 

which  we  also  found  as  an  ascending  scale.  For  descending  scales 
we  have  therefore  the  following  series 

c A\}  —  0  —  F  —  E\^ G 

c A    —  0  —  F  —  E\} G 

c A    —  0  —  F  —  E G 

Grenerally,  since  all  Octaves  of  the  tonic,  distant  or  near, 
higher  or  lower,  are  so  closely  related  that  they  can  be  almost 
identified  with  it,  all  higher  and  lower  Octaves  of  the  individual 
degrees  of  the  scale  are  almost  as  closely  related  to  the  touic,  as 
those  of  the  next  adjacent  tonic  of  the  same  name. 
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Next  to  the  relations  of  the  Octave  d  of  c,  follow  those  of  gr,  the 
Fifth  above,  and  F  the  Fifth  below  c.  We  must  therefore  proceed 
to  study  their  effect  in  the  construction  of  the  scale.  Let  us  begin 
with  the  relations  of  gr,  the  Fifth  above  the  tonic. 

ASCENDING   SCALES. 

Belated  toe:      c e    —  /  —  g  —  a d 

Related  togr:      c  d    e\}     —       —     g 6  —  d 

Uniting  tlie  two,  we  have — 

1)  Tfie  Major  Scale  (Lydian  mode  of  the  ancient  Greeks) : 

c  —  d  —  e  —  /  —  g  —  a  —  b  —  & 

*8  4  3¥38^ 

The  change  of  e  into  e\}  is  here  facilitated  hy  its  second  re- 
lationship to  g.     This  gives — 

2)  The  Ascending  Minor  Scale : 

0  —  d  —  e\}  —  /  —  g  —  a  —  6  —  d 

1  SL  A  ±         9.  a.         XJ         2 

*8  5383  8^ 

DESCENDINQ  SCALES. 

Related  toe:     c A\}  —  0  —  F  —  E\} C 

Related  togr:     c  B\} 0 E\}  —  D  —  G 

giving  :— 

3)  The  Descending  Minor  Scale  (Hypodoric  or  Eolic  mode  of 
the  ancient  Greeks— our  mode  of  the  minor  Third): 

c  —  B\}  —  A\}  —  0  —  F—E\}  —  D  —  C 


S  5  2  3  5" 


8 


or  in  the  mixed  scale,  changing  A\}  into  A^ 

4)  Mode  of  the  minw  Seventh  (ancient  Greek  Phrygian) : 

c  —  B\}  —  A  —  0  —  F  —  E\}  —  D—G 

2       *  f         I       I        f  f         1 

On  examining  the  relations  of  F^  the  Fifth  below  the  tonic  c, 
the  following  scales  result : 

ASCENDING   SCALES. 

Related  toe:       c e  — /  —  g  —  a (/ 

Related  to-F:      c  —  d / a—b\}  —  (f 


{ 
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This  gives — 

5)  The  Mode  of  the  Fourth  (ancient  Greek  Hypopbrygian  or 
Ionic) : 

c  —  d  — 6  —  /  —  g  —  a 6b  —  <^ 

1      V      i      i      I       I  V       2 

By  changing  e  into  e\}^  we  again  obtain — 

6)  The  mode  of  the  mivx/r  SeverUh,  but  with  a  diflferent  deter- 
mination of  the  intercalary  tones  ({  and  &[>,  from  those  in  No.  4  : 

c  —  d  —  e\}  — /  —  g  —  a  —  b\}  —  (/ 


U) 
9 


0. 
5 


3 


S 


3 


9 


2. 


DESCENDING    SCALES. 

Related  toe:   c A\}  -  0  —  F  —  E\} G 

Related  toFic  —  B\}—  A F D\}  —  C 

giving  :— 

7)  The  mode  of  the  minor  Sixth  (ancient  Greek  Doric): 

c  —  B\}  —  A\}  —  0  —  F—E\}~D\}  —  C 
2      V         f  I        1        f         H         1 

In  this  way  the  melodic  tonal  modes  of  the  ancient  Greeks  and 
Christian  Church  have  all  been  rediscovered  by  a  consistent 
method  of  derivation.  As  long  as  homophonic  vocal  music  is 
alone  considered,  all  these  tonal  modes  are  equally  justified  in 
their  construction.* 

'  [As  the  exact  pitch  of  ench  tone  in  these  scales  is  given  by  figures,  they  can  be 
written  in  my  notation,  and  hence  compared  with  the  scales  I  have  given  in  Appendix 
XIX.  Table  III.,  C.    The  agreement  is  as  follows : 


No.  InTvXt 


1 
2 
3 

4 
5 
6 


Name  in  Text 


major  Scale 

ascending  minor  Scale 

descending  minor  Scale     . 

mode  of  the  minor  Seventh 

mode  of  the  Fourth  . 

mode  of  the  minor  Seventh 
(with  intercalary  tones  diflbrent 
from  those  in  No.  4  of  text) 

mode  of  the  minor  Sixth   . 


No.  In  Tuble  III. 


Name  in  Table  III. 


I 


3 
17 
62 
45 

5 

33 
64 


mapama 

mapima 

mipimi 

mapimi 

mamap4 

mamapi 

mimipi 


By  comparing  these  numbers  in  the  table  it  will  be  seen  that  they  are  the  harmonic 
representatives  of  the  Greek  scales  assigned  to  them  in  the  text,  but,  assuming 
Pythagorean  intonation  for  the  Greek,  different  from  them  materially  in  the  intervals, 
several  tones  toeing  raised  or  depressed  by  a  comma. —  Transl<Uar.'} 
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The  scales  have  been  given  above  in  the  order  in  which  they 

are  most  naturally  deduced.     But,  as  we  have  seen,  each  of  the 

three  scales 

c e    — /  —  ff  —  a (f 

c e\}—f  —  g  —  a & 

c €\}  —  /  —  g  —  a\} (/ 

can  be  played  either  upwards  or  downwards,  although  the  first  is 
best  suited  to  ascending  and  the  last  to  descending  progression, 
and  hence  the  gaps  of  any  one  of  them  may  be  filled  up  with  either 
the  relations  of  F  or  the  relations  of  g,  or  even  one  gap  with  those 
of  F  and  the  other  with  those  of  g. 

The  vibrational  number  or  pitches  of  the  tones  directly  related 
to  the  tonic  are  of  course  fixed  '  and  unchangeable,  because  they 
are  given  by  the  condition  that  the  tones  should  form  consonances 
with  the  tonic,  and  are  thus  more  strictly  determined  than  by  any 
more  distant  connection.  On  the  other  hand,  the  intercalary  tones 
related  in  the  second  degree  are  by  no  means  so  precisely  fixed. 

Taking  c=  1,  we  have  for  the  Second — 

1)  the  d  derived  from  g  =  J-. 

2)  the  d  derived  from/  =  '-J>  =ff  x  J. 

3)  the  d\}  derived  from/=|f. 
and  for  the  Seventh— 

1)  the  b  derived  from  g  =  V* 

2)  the  b\}  derived  from  g=^. 

3)  the  b\}  derived  from  f  =  \^  =  l^x |. 

Hence  while  6  and  d\}  are  given  with  certainty,  b\}  and  d  are  xm- 
certain.  Either  of  them  may  be  distant  from  the  tonic  by  the 
major  Tone  |-  or  the  minor  Tone  ^-f. 

In  order  henceforth  to  mark  this  diflFerence  of  intonation  with 
certainty  and  without  ambiguity,  we  will  introduce  a  metliod  of 
distinguishing  the  tones  determined  by  a  progression  of  Fifths, 
from  those  given  by  the  relationship  of  a  Third  to  the  tonic.  We 
have  already  seen  that  these  two  methods  of  determining  the  tones 
lead  to  somewhat  different  pitches,  and  hence  in  accurate  theo- 

'  Thus  I  cannot  agree  with  Hauptmann,  in  allowing  a  P^ihagorcan  a,  the  Fifth 
alK)vo  df  in  the  ascending  minor  scale  of  c.  d'AIembort  wants  to  introduce  the  same 
tone  even  in  the  major  scale,  bj  passing  from  g  to  b  through  the  fundamental  bass  d. 
But  this  would  indicate  a  distinct  modulation  into  G  major,  which  is  not  required 
when  the  natural  relations  of  the  tones  to  the  tonic  are  preserved.  See  Hauptmann, 
'  Uarmonik  und  Metrik/  p.  60. 
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retical  researches  both  kinds  of  tones  must  be  kept  distinct, 
although  in  modem  music  they  are  practically  confused. 

The  idea  of  this  notation  belongs  to  Hauptmann,  but  as  the 
capital  and  small  letter  which  he  uses,  and  which  I  also,  in  conse- 
quence, employed  in  the  first  edition  of  this  book,  have  a  different 
meaning  in  our  method  of  writing  tones,  I  now  introduce  a  slight 
modification  of  his  notation. 

Let  G  be  the  initial  tone,  and  write '  its  Fifth  (?,  the  Fifth  of 
this  Fifth  2),  and  so  on.  In  the  same  way  let  the  Fourth  of  G  le 
F^  the  Foxuth  of  this  Fourth  jBI>,  and  so  on.  In  this  way  we  have  a 
series  of  Tones,  here  written  with  simple  capitals,  all  distant  from 
each  other  by  a  perfect  Fifth  or  a  perfect  Fourth  : 

B\}''F'-G--6'-D'-A''E,  &c. 

The  pitch  of  every  tone  in  the  whole  series  is,  therefore,  known  when 
that  of  any  one  is  known. 

The  major  Third  of  C,  on  the  other  hand,  will  be  expressed  by 
^,  that  of  Fhj  A,  and  so  on.     Hence  the  series  of  tones 

B^D-F-A'-C-E--G'-B^D-Fi^-A,  &c., 

is  a  series  of  alternate  major  and  minor  Thirds.  It  is  therefore 
clear  that  the  Tones 

D^A^E^B^I^,  &c., 

also  form  a  series  of  perfect  Fifths. 

We  have  already  found  that  the  tone  f),  that  is  the  minor 
Third  below  or  major  Sixth  above  F^  is  lower  in  pitch  than  the 
tone  2>,  which  would  be  reached  by  a  series  of  Fifths  from  F^  and 
that  the  difference  of  pitch  is  that  known  as  a  comma,  the  nume- 
rical value  of  which  is  f -^,  or  musically  about  the  tenth  part  of  a 
whole  Tone.*  Since,  then,  Z)  —  A  and  D  —  A  are  both  perfect 
Fifths,  A  must  be  also  a  comma  higher  that  A,  and  so  also  every 
letter  with  a  stroke  below  it  will  represent  a  tone  which  is  a  comma 
lower  in  pitch  than  that  represented  by  the  same  letter  with  no 
stroke  below  it,  as  is  easily  seen  by  carrying  on  the  series. 

'  '  Die  Natur  der  Harmonik  und  Metrik/  Leipzig,  1863,  pp.  26  and  followiDg.  I 
cannot  but  join  with  C.  £.  Nanmann  in  expressing  my  regret  that  so  many  delicate 
musical  apperceptions  as  this  work  contains,  should  have  been  needlessly  buried  under 
the  abstruse  terminology  of  Hegelian  dialectics,  snd  hence  have  been  rendered  in- 
accessible  to  any  large  circle  of  readers. 

'  [The  logarithm  of  an  equally  tempered  tone  is  *060  1717i  of  a  mt^or  Tone  or  {  is 
'061  1626,  of  a  minor  Tone  or  '^  is  -045  7676,  and  of  a  comma  H  is  -006  3060,  so  that 
a  comma  is  more  nearly  the  ninth  part  of  a  tempered  Tone. — Translator. l 
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A  major  triad  will  therefore  be  written  thus : 

and  a  minor  triad 

A-^C-'E  or  C-^-G. 

Now  if  we  lay  it  down  as  a  rule  that  every  stroke  helow  a  letter 
depresses  its  tone  by  the  interval  §^,  and  every  stroke  above  a 
letter  raises  its  tone  by  the  same  interval,  we  may  write  the  major 
triad  as 

c— §  —g  or  d—e—g 
and  the  minor  triad  as 

c—e\}—g  or  g-eb-^r, 
or  even 

c— lb— ^  or  f— eb— J^'* 

'  In  the  first  edition  of  this  book,  as  in  Hauptmann's,  the  small  letters  were 
supposed  to  be  a  comma  lower  than  the  capital  letters,  and  a  stroks  above  or  below 
the  letters  was  only  occasionally  used  for  raising  or  depressing  the  pitch  by  two 
commas.  Hence  a  major  triad  was  written  C  —  e  —  Gore  —  E-^pin  minor 
triad  a  —  C  —  e,  or  A  —  o  —  £  &c.  The  notation  used  here  and  also  in  the  French 
translation  is  due  to  Herr  A.  v.  OetUngen,  and  is  much  more  readily  comprehended. 

fin  accordance  with  Prof.  Helmholtz's  wish,  I  retain  this  notation  in  the  present 
translation.  But  before  I  became  acquainted  with  it,  I  had  for  my  own  purposes 
invented  another  which  I  employed  in  my  paper :  *  On  the  Conditions,  Extent,  and 
Realisation  of  a  perfect  Musical  Scale  on  Instruments  with  Fixed  Tones,'  read  before 
the  Royal  Society  January  21,  1864,  and  printed  in  the  *  Proceedings,'  vol.  ziii.  p.  93. 
Although  Herr  v.  Oettingen's  notation  obviates  the  inconvenience  of  the  large  and 
small  letters  and  an  occasional  use  of  a  stroke  in  addition,  yet  it  remains  trouble- 
some to  the  printer  and  inapplicable  to  the  staff  notation  of  music  My  notation, 
of  which  Prof.  Helmholtz  so  far  approved  as  to  explain  it  in  the  last  Appendix  to 
his  second  edition,  and  in  Appendix  XVIII.  to  his  third  edition,  obviafes  these 
difficulties.  It  consists  in  allowing  the  simple  letters  to  be  used  as  on  p.  26, 
and  in  expressing  elevation  by  a  comma  by  a  prefixed  f  read  hU/h,  and  depres- 
sion by  a  comma  by  a  prefixed  |  read  low,  so  that  D  to  fA  and  {2>  to  ^  will  be 
perfect  Fifths,  just  aa  B  to  Ft  and  J?b  to  F  are  perfect  Fifths.  This  notation  is  fully 
explained  in  Appendix  XIX.,  Section  A,  where  also  the  signs  to  be  employed  in  staff 
notation  are  furnished.  A  complete  comparison  of  the  two  notations  results  from 
supposing  that  in  Appendix  XIX.,  Table  V.,  my  prefixed  f  and  I  are  omitted,  and 
column  III.,  then  remaining  as  written,  one  line  is  written  under  each  note  in  column 
IV.,  two  in^column  V.,  and  thne  in  column  VI.,  while  one  line  is  written  over  each 
note  in  column  II.,  and  two  in  column  I.  Hence  we  have  a  simple  rule  for  referring 
Herr  v.  Oettingen  s  notation  to  mine.  The  number  of  lines  above  and  below  indicates 
the  column,  and  the  letters  and  8  and  b  signs  being  the  same,  the  proper  f  and  X  <u« 
found  in  the  column  indicated.  I  shall,  however,  generally  give  the  corresponding  signs 
in  foot-notes.  Thus  the  following  is  the  principal  series  of  Fifths,  in  Herr  v.  Oettingen's 
and  my  notation  compared : — 

V.  Oettingen.  Fb     Cb     Gb    D\>  Ab  Eb  Bb  F  C  G  L  A    E   B    ft     Cj     GU 
Ellis.  JFb  tCb  iGb  tDb  Ab  Eb  Bb  F  C  G  BfAfEfB  fFg  fCj  fGU 

v.  Oettingen.     Ab     Eb   Bb     FQQP4^^FlCt<i%Vt     41     ^     Bl 
Ellis.  \Ab  XEb  XBb  \FXC\G\DAEBFl  Cu  Gt  m  Ut  iE%  flit 
Other  signs  for  accurately  marking  finer  distinctions  of  pitch,  when  required,  are 
also  given  in  the  same  place. — Translator.] 
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The  three  series  of  Tones  directly  related  to  Care  consequently 
to  be  written  thus : 

C E  -F-O-A c 

C--i\f-F-G-A c 

C .£[,-F-G-A\}- -c 

and  the  intercalary  tones  are—- 

Between  the  tonic  and  Third,    D,  D,  or  /)(> 
Between  the  Sixth  and  Octave,  ff  and  B\}  or  £[>.' 

Consequently  the  melodic  tonal  modes  of  the  ancient  Greeks  and 

old  Cliristian  Church  are, 

1)  Majob  Modk, 

C-D-E-F-0-A-B-c 
D 

2)  Mode  of  the  Fourth, 

C-D-E-F-G-A-B\}-c 
D  B\} 

3)  Mode  of  the  minor  Seventh, 

C-D-£\>-F-0-A-B\>-c 
P  5t> 

4)  Mode  of  the  uinor  Third, 

C-D-£\}-F-G-A\;>-B};>-o 
D  S\, 

5)  Mode  of  the  minor  Sixth, 

C-D\}-E\}-F-G-A\f-B\f-c 

4       S\)' 

'  [In  the  notation  of  Appendix  XIX., 

Scales  C E     -  F  -  G  -    A c 

C ^E\^  -  F  -  G  -    A c 

C -^Eb  -^  F  -  G  -  fAb c 

Intercalary  tones,  D,  JD,  Db,  and  B,  Bb»  fBb. — Translator.] 
^  [In  the  notation  of  Appendix  XIX., 

1)  C  "  D     -    E     -  F  -  G  -    A  -B     -c 

2)  C  -  D     -    E     ^  F  -  G  -    A     -  Bb  -  c 

iJ)  fBb 

Z)  C  -  D     -  \Eb  ~  F  -  G  -    A     -  Bb  -  c 
\D  fBb 

.    i)  c  -  D     -fEb  -  F  -  G  -  fAb   -  5b  -  o 
tB  fBb 

b)  C  -  Bb   -  fEb  -  F  -  G  -  fAb  -  Bb   -  c 

A   -t2?b 
In  the  Gennan  text  only  4  '"  my  A,  is  given  in  No.  6,  but  by  referring  to  No.  7 
on  p.  422,  it  will  be  seen  that  Ab   «  my  fAb  >  corresponds  with  Bb .     Hence  I  have 
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By  this  notation,  then,  the  intonation  is  always  exactly  expressed, 
and  the  kind  of  consonance  which  each  tone  makes  with  the  tonic, 
or  the  tones  related  to  it  is  clearly  shewn. 

In  the  ancient  Greek  Pythagorean  intonation  these  scales  would 
have  to  be  written : 

Major  mode—  C-D-E-F-O'^A^B'-C. 

and  the  others  in  a  similar  manner,  all  with  letters  of  the  same 
kind,  belonging  to  the  same  series  of  Fifths.* 

In  the  formulae  here  given  for  the  diatonic  tonal  modes,  the 
intonation  of  the  Second  and  Seventh  is  partly  undetermined.  In 
these  cases  I  have  given  D  the  preference  over  Z),  and  B\}  the  pre- 
ference over  jSb,  because  the  relationship  of  the  Fifth  is  closer 
than  that  of  the  Third ;  but  B\^  and  D  stand  in  the  relation  of  the 
Fifth  respectively  to  F,  G,  the  tones  nearest  related  to  the  tonic, 
while  D  and  5b  are  only  in  the  relation  of  the  major  Third.  But 
this  reason  is  certainly  not  sufficient  entirely  to  exclude  the  two  last 
tones  in  homophonic  vocal  music.  For  if  in  a  melodic  phrase,  the 
Second  of  the  tonic  came  into  close  connection  with  tones  related 
to  F — for  instance,  if  it  fell  between  F  and  -4j  or  followed  them — 
an  accurate  singer  would  certainly  find  it  more  natural  to  use  the 
D  which  is  directly  related  to  F  and  4j  ^^^  the  D  which  is 
related  to  them  only  in  the  third  degree.  The  slightly  closer  re- 
lationship of  the  latter  to  the  Tonic  could  scarcely  give  the 
decision  in  its  favour  in  such  a  case.^ 

giyen  both  forms.  The  scales  as  here  g^ven  will  receive  several  forms  by  vaiyiog  the 
intercalary  tones,  and  the  tones  related  to  F  and  G.  Of  coarse  it  is  understood  that 
both  forms  of  such  notes  are  not  used  in  ascending  and  both  in  descending,  but  that 
occasionally  one  is  used  and  occasionally  another.  This,  however,  amounts  to  a  change 
of  mode.  Thus  if  in  (1 ).  taking  my  notation  throughout,  D  is  used,  we  have  C  map4ma, 
No.  3  of  App.  XIX.,  Table  III.  But  if  %D  is  used,  we  have  A  mitimi,  No.  58  of  that 
table.  Similarly  in  (2),  D  and  B\)  would  not  give  a  harmonisable  scale,  but  D  and 
\B\>  give  Cmapami,  No.  31  ;  and  %D  end  B\}  give  i^mamapa.  No.  6.  In  (3)  again 
D  and  B\)  give  nothing  harmonisable.  But  D  and  f-^b  g^ve  C  mapimi,  No.  45;  and 
%D  and  B\)  give  F  mamapi,  No.  33.  For  (4)  also  D  and  Z?b  cannot  come  together,  but 
D  and  fJJb  give  C  mipimi,  No.  62 ;  and  %D  and  B\)  give  F  mamipi.  No.  47.  For  (6) 
ti4b  and  Bb  give  F  mimipi,  No.  54 ;  A  and  Bb  give  F  mimapi,  No.  40;  but  neither 
ti4b  and  f-^b  nor  A  and  tZ?b  give  anything  harmonisable.  By  *  harmonisable  *  I 
mean  forming  a  major  or  minor  triad  with  other  notes  of  the  scale. — Translator.'] 

*  [In  Appendix  XIX.,  Table  lU.,  B.,  aU  the  seven  Pythagorean  modes  are  written 
out  in  my  notation.  The  five  in  the  text  are  7.  C.  2,  3,  4,  5,  and  6  respectively. — 
Trarulator,'] 

•  [In  the  notation  of  Appendix  XIX.,  then,  the  author  prefers  Bb  and  D  to  \Bb 
and  }Z>,  but  thinks  that  the  bitter  would  not  be  entirely  excluded ;  for  example,  F  \D  A, 
or  F  A  \D  would  be  a  more  natural  progression  than  F  D  Aot  F  A  D, — Translator.] 
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This  ambiguity  in  the  intercalary  tones  cannot,  I  think,  be  con- 
sidered as  a  fault  in  the  tonal  system,  since  in  our  modem  minor 
mode,  the  Sixth  and  Seventh  of  the  tonic,  are  often  altered  not 
merely  by  a  comma,  but  by  a  whole  Semitone,  according  to  the 
direction  of  the  melodic  progression.  We  shall  find,  however, 
more  decisive  reasons  for  the  use  of  D  in  place  D  in  the  next 
chapter,  when  we  pass  from  homophonic  music  to  the  influence  of 
harmonic  music  on  the  scales. 

The  accoimt  here  given  of  the  rational  construction  of  scales 
and  the  corresponding  intonation  of  intervals,  deviates  essentially 
from  that  given  to  the  Greeks  by  Pythagoras,  which  has  thence 
descended  to  the  latest  musical  theories,  and  even  now  serves  as 
the  basis  of  our  system  of  musical  notation.  Pythagoras  con- 
structed the  whole  diatonic  scale  from  the  following  series  of 
Fifths  :— 

and  calculated  the  intervals  from  it  as  they  have  been  given  above.' 
In  his  diatonic  scale  there  are  but  two  kinds  of  small  intervals,  the 
whole  Tone  |,  and  the  LimTrut  |f  5^. 

In  this  series  if  C  be  taken  as  the  tonic,  A  would  be  related 
to  the  tonic  in  the  Third  degree,  E  in  the  Fourth,  and  B  in  the 
Fifth.  Such  a  relationship  would  be  absolutely  insensible  to  any 
ear  that  has  no  guide  but  direct  sensation. 

A  series  of  Fifths  may  certainly  be  tuned  on  any  instrument, 
and  continued  as  far  as  we  please  ;  but  neither  singer  nor  hearer 
could  possibly  discover  in  passing  from  c  to  6  that  the  latter  is  the 
fourth  from  the  former  in  the  series  of  Fifths.  Even  in  a  relation 
of  the  second  degree  through  Fifths,  as  of  c  to  d,  it  is  doubtful 
whether  a  hearer  can  discover  the  relation  of  the  two  tones.  But 
in  this  case  when  we  pass  from  one  tone  to  the  other  we  can 

»  [In  the  notation  of  Appendix  XIX.,  F  -  C  -  G  -  D  -  ,fA  -fE  -  fB,  where 
the  introduction  of  f  before  the  last  three  tones  draws  attention  to  the  great  difference 
between  this  and  the  modem  harmonisable  scale. — Translator.] 

»  [In  order  of  Fifths,  but  reduced  to  the  compass  of  an  Octave,  they  are — 
F-C-G-D-tA-tE-tB 

4  1  3  9  37  81  943 

of  which  the  three  last  are  H  times  the  A  =  |,  E  =  f ,  B  «  ^^  found  on  p.  421,  No.  1. 
Heucc  the  Pythagorean  Lydian  scale  (Appendix  XIX.  Table  III.,  B.,  7.C.2)  \i 

C-D-tE-F-G-fA-fB-c 

1  0  81  4  3  27  343  O 


i         i        §!§       i         S         I       m  -Translator.] 
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imagine  the  insertion  of  *  a  silent  gr,'  so  to  speak,  forming  the 
Fourth  below  c,  and  the  Fifth  below  d,  and  thus  establish  a  con- 
nection, for  the  mind's  ear  at  least,  if  not  for  the  body's.  This 
is  probably  the  meaning  to  be  attached  to  Rameau's  and 
d'Alembert's  explanation  that  a  singer  eflfects  the  passage  from  c 
to  d  by  means  of  the  fundamental  bass  g.  If  the  singer  does  not 
hear  the  bass  note  g  at  the  same  time  as  d,  he  cannot  possibly 
bring  his  d  into  consonance  with  that  g ;  but  the  melodic  pro- 
gression may  certainly  be  facilitated  by  conceiving  the  existence  of 
such  a  tone.  This  is  a  well-known  means  for  striking  the  more 
difficult  intervals,  and  is  often  applied  with  advantage.  But  of 
course  it  completely  fails  when  the  transition  has  to  be  made 
between  tones  widely  separated  in  the  series  of  Fifths.* 

>  [One  of  the  practical  results  of  the  Tonic  S0I&  system  of  teiching  to  sing  the 
diatonic  major  scale  as  marked  on  p.  421,  No.  1,  in  just  intonation,  (see  Appendix 
XVIII., )  has  been  the  discovery  that  it  is  not  so  easy  to  learn  to  strike  the  proper  tone 
by  a  knowledge  of  the  interval  between  two  adjacent  tones  in  a  melodic  passage,  as  by 
a  knowledge  of  the  mental  effect  prodaced  by  each  tone  of  the  scale  in  relation  to  the 
tonic.  These  mental  effocts  are  perhaps  not  very  clearly  characterised  by  the  mere 
names  given  to  them  in  the  Tonic  Solfa  books,  but  the  teacher  soon  makes  his  class 
understand  them,  and  then  finds  them  the  most  valuable  instrument  which  he  possesses 
ibr  inspiring  a  feeling  for  just  intonation.  On  these  characters  of  each  tone  in  the 
(just)  diatonic  scale,  a  system  of  manual  signs  has  been  formed,  by  which  classes  are 
constantly  led.  Particulars  are  g^ven  in  '  The  Standard  Course  of  Lessons  and  Exer- 
cises in  the  Tonic  Solfa  Method  of  Teaching  Music  (founded  on  Miss  Glover*s  "  Scheme 
for  rendering  Psalmody  Congregational,"  a.d.  1835),  with  additional  exercises,  by  John 
Curwen,  new  edition,  re-written,  a.d.  1872,'  pp.  160,  96,  16  and  4,  total  276.  Bat  it 
may  be  convenient  to  mention  the  characters  and  manual  signs  in  this  place  (i6.  p.  iv). 

I.  First  step. 

Do,  Tonic, '  the  strong  orfirm  tone,'  fist  closed,  horizontal,  thumb  down. 

Sot  fifth,  '  the  ORAXD  or  bright  tone,'  the  fingers  extended  and  horizontal,  hand 
with  little  finger  below  and  thumb  above,  so  that  the  palm  of  the  hand  is  vertical. 

Miy  Major  Third,  *  the  steady  or  calm  tone,'  fingers  extended  and  horizontal,  palm 
of  hand  horizontal  and  undermost. 

II.  Second  step. 

Be^  Second,  '  the  RorsiKO  or  hopeful  tone,'  fingers  extended,  hand  forming  half  a 
right  angle  with  ground  pointing  upwards,  palm  downwards. 

Tij  Seventh,  *  the  pikecing  or  sensitive  tone,'  only  the  forefinger  extended  and 
pointing  up,  the  other  fingers  and  thumb  closed,  hand  forming  half  a  right  angle  \»ith 
ground,  back  of  hand  downwards. 

III.  Third  step. 

Fa,  Fourth,  *  the  desolate  or  awe-inspiring  tone,'  only  the  forefinger  extended  and 
pointing  down,  at  half  a  right  angle  with  the  ground,  the  back  of  hand  upwards. 

La,  major  Sixth,  '  the  sad  or  weeping  tone,'  fingers  fnlly  extended,  whole  hand 
pointing  down  with  a  weak  fall,  back  of  hand  upwards. 

It  is  thus  seen  that  the  order  of  teaching  takes  the  tonic  chonl  first,  then  the 
dominant,  and  lastly  the  sub-dominant    The  doubtful  Second  thus  comes  early  on. 
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Finally  there  is  no  perceptible  reason  in  the  series  of  Fifths 
why  they  should  not  be  carried  further,  after  the  gaps  in  the  diatonic 
scale  have  been  supplied.  Why  do  we  not  go  on  till  we  reach  the 
chromatic  scale  of  Semitones  ?  To  what  purpose  do  we  conclude 
our  diatonic  scale  with  the  following  singularly  unequal  arrange- 
ment of  intervals — 

I,  1,  i,  1,  1,  1,  i  ? 

The  new  tones  introduced  by  continuing  the  series  of  Fifths  would 
lead  to  no  closer  intervals  than  those  which  already  exist.  The 
old  scale  of  five  tones  appears  to  have  avoided  Semitones  as  being 
too  close.  But  when  such  two  intervals  already  appear  in  the 
scale,  why  not  introduce  more? 

The  Arabic  and  Persian  mnaical  syatem,  so  far  as  its  natiure 
is  shewn  in  the  writings  of  the  elder  theorists,  also  knew  no  method 
of  tuning  but  by  Fifths.  But  this  system,  which  seems  to  have 
developed  its  peculiarities  in  the  Persian  dynasty  of  the  Sassanides 
(a.d.  226-651)  before  the  Arabian  conquest,  shews  an  essential 
advance  on  the  Pythagorean  system  of  Fifths. 

*  The  teacher  first  sings  the  exercise  to  [the  names  of]  consecutive  figures,  teUing  his 
pupils  that  he  is  about  to  introduce  a  new  tone  (that  is  one  not  do,  la,  or  so),  and 
asking  them  to  tell  him  on  which  figure  it  falls.  When  they  have  distinguished  Uie 
new  tone,  he  sings  the  exercise  again — laa-ing  it  [this  is  calling  each  note  la] — and 
asks  them  to  tell  him  how  that  tone  *'  makes  them  feel."  Those  who  can  describe  the 
feeling  hold  up  their  hands,  and  the  teacher  asks  one  for  a  description.  But  others, 
who  are  not  satiufied  with  words,  may  also  perceive  and  feel.  The  teacher  can  tell  by 
their  eyes  whether  they  have  done  so.  He  multiplies  examples  until  all  the  class  have 
their  attention  fully  awakened  to  tlie  effect  of  the  new  tone.  This  done  he  tells  his 
pupils  the  Sol-fa  name  and  the  manual  sign  for  the  new  tone,  and  guides  them  by  tbe 
signs  to  Sol-fa  the  exercise  and  themselves  produce  the  proper  effect.  The  signs  are 
better  in  this  case  than  the  notation,  because  with  them  the  teacher  can  best  command 
the  attention  of  every  eye  and  ear  and  voice,  and  at  the  first  introduction  of  a  tone, 
attention  should  be  acute'  (ibid.  p.  15).  This  passage,  the  result  of  practice  witli 
hundreds  of  thousands  of  children,  shews  that  a  totally  new  principle  of  understanding 
the  relation  of  the  tones  in  a  scale  to  the  tonic  has  not  only  been  introduced,  but 
worked  out  on  a  large  scale  practically,  and,  as  I  myself  know,  successfully.  See 
Prof.  Helmholtz*s  own  impression  of  the  success,  ten  years  ago,  in  Appendix  XVIII. 
Since  that  time  great  experience  has  been  gained  lyid  many  methods  improved.  But 
the  object  of  introducing  this  notice  here  is  to  shew  that  proper  training  (such  as  the 
ancient  Greeks  certainly  had)  could  produce  the  corresponding  feeling  for  the  effect  of 
any  tone  in  any  scale  anyhow  divided,  independently  of  the  relation  of  consonances, 
and  that  this  consideration  may  help  to  explain  the  persistence  of  many  scales  which 
<ire  harmonically  inexplicable.  No  doubt  Pythagorean  singers  liit  the  degrees  of  their 
scale  quite  correctly,  and  no  doubt  the  *  mental  effects '  of  their  "fA,  f^.  'fB,  were  very 
different  from  tliosc  of  the  harmonisable  A,  E,  B.  We  can  partially  judge  of  them  by 
the  effects  of  equal  temperament,  which  melodically  cannot  differ  much,  although  they 
certainly  differ  sensibly,  from  those  of  Pythagorean  intonation. — Translator."] 
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In  order  to  judge  of  this  system  of  music,  which  has  been 
hitherto  completely  misunderstood,  the  following  relation  has  to 
be  known.     By  tuning  four  Fifths  upwards  from  C 

C—0—D—A—E 

we  come  to  a  tone,  E^  whicli  is  |^  or  a  comma  higlier  than  the 
natural  major  Third  of  C,  which  we  write  E.  The  former  E  forms 
the  major  Third  in  tlie  Pythagorean  scale.  But  if  we  tune  eight 
Fifths  downwards  from  C,  thus — 

C ~  F  —  B\^  —  E\}  —  A\}  —  D\}  ~  G\}  —  C\^  —  F\^ 

we  come  to  a  tone,  F\}^  which  is  almost  exactly  the  same  as  the 
natural  E.     The  interval  of  C  to  F\^  is  expressed  by 

Hence  the  tone  F\}  is  lower  than  the  natural  major  Third  E  by 
the  extremely  small  interval  f|j^,  which  is  about  the  eleventh  part 
of  a  comma.  This  interval  between  F\}  and  E  is  pmctically 
scarcely  perceptible,  or  at  most  only  perceptible  by  the  extremely 
slow  beats  produced  by  the  chord  C  ^-  F\}  —  G  upon  an  instru- 
ment most  exactly  tuned.  Practically,  then,  we  may  without 
hesitation  assume  that  the  two  tones  F\}  and  E  are  identical,  and 
of  course  that  their  Fifths  are  also  identical,  or 

F\}=^E,  q>=s,  (7b=:F#.  &c.» 

Now  in  the  Arabic  and  Persian  scale  the  Octave  is  divided  into 
1 6  intervals,  but  in  our  equal  temperament  it  is  divided  into  6 
whole  Tones.  The  modern  interpreters  of  the  Arabic  and  Persian 
system  of  music  have  hence  been  misled  into  the  concliusion  that 
each  of  the  17  degrees  of  the  scale  corresponded  to  about  the  third 
of  a  Tone  in  our  music.  In  that  case  the  intonation  of  the  degrees 
in  the  Arabic  and  Persian  scale  would  not  be  executable  on  our 
instruments.  But  in  Kiesewetter's  work  on  the  Music  of  the  Arabs,^ 
which  was  written  with  the  assistance  of  the  celebrated  Orientalist 

'  [On  this  substitution,  which  amounts  to  a  temperament  with  perfect  Fiftlis,  nnd 
major  Thirds  too  flat  by  a  skhisma,  or  nearly  the  eleventh  of  a  comma,  and  which  I 
therefore  call  skhismic  temperament,  see  Appendix  XIX.,  section  C.  The  two  scries 
of  Fifths  in  the  text  are  in  the  notation  of  Appendix  XIX.,  C  —  G  —  D  —  "^A  —  "fE 
upwards, and  C  —  i?'  —  i?b -  i?b  —  i<b  —  }Z>b  —  JG^b  —  }C7b  — JFb .^Transfator.^ 

«  R.  G.  Kiesewetter,  •  Die  Musik  dor  Amber  nach  Originalquellon  dargestellt,  mit 
eincm  Vorworto  von  dem  Frciherrn  von  Hammer-Purgstall.*  Leipzig,  184*2.  pp.  32, 
33.  The  directions  given  in  an  anonymous  manuscript  of  the  666th  year  of  the  Ilegirn, 
A.D.  1 267,  in  the  possession  of  Prof.  Salisbury,  are  essentially  t  he  same.  See  *  Journal 
of  the  American  Oriental  S-Victy,'  vol.  1,  pp.  204-209. 
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von  Hammer-Purgstall,  there  is  given  a  translation  of  the  direc- 
tions for  the  division  of  the  monochord  laid  down  by  Abdul  Kadir, 
a  celebrated  Persian  theorist  of  the  fourteenth  century  of  our  era, 
that  lived  at  the  courts  of  Timur  and  Bajazet.  These  directions 
enable  us  to  calculate  the  intonation  of  the  Oriental  scale  with 
perfect  certainty.  These  directions  also  agree  in  essentials  both 
with  those  of  the  much  older  Farabi,'  who  died  in  a.d.  950,  and 
of  his  contemporary,  Mahmud  Shirazi,*  who  died  in  1315,  for 
dividing  the  fingerboard  of  lutes.  According  to  the  directions  of 
Abdul  Kadir  all  the  tonal  degrees  of  the  Arabic  scale  are  obtained 
by  a  series  of  16  Fifths,  and  if  we  call  the  lowest  degree  (7,  and 
arrange  them  in  order  of  pitch  within  the  compass  of  an  Octave, 
they  will  be  the  following,  as  expressed  in  our  notation  : 

1)  C-  2)  Db-  3)  Z)  w  4)  2)-  5)  JPb-  6)  ^  ^ 
7)E-  S)F  -  9)Gb-10)e^ll)G  -12)  ^b- 
13)4^-14) -4   -15)Bb-16)B-17)c   —18)  c. 

where  the  line  —  between  two  tones  indicates  the  interval  of  a 
Pythagorean  Limma  f ^|  (which  is  nearly  fg^),  and  the  sign  >^  a 
comma  ^.  The  Limma  is  about  f  and  the  comma  about  ^  of  the 
natural  Semitone  |f .' 

•  J.  G.  L.  Kosegarten,  'Alii  Ispahnnensis  Liber  Cantilenarum/  pp.  76-86. 

•  Kieeewettep,  'Die  Musik  der  Araber  nach  Originalqaellen.darg./  p.  33. 

•  [In  the  preceding  account  of  the  Arabic  tonal  degrees,  Prof.  Helmhoitz,  Trithout 
especially  saying  so,  has  introduced  that  practical  sMiemie  temperament  explained  on 
last  page,  note  1.  Having  calculated  the  intervals  independently  from  Abdul  Eadirs 
instructions  as  given  by  Kiesewetter,  I  find  that  in  order  of  Fifths  they  give  precisely 
in  the  notation  of  Appendix  XIX., — 

4  Fifths  up    .    .C— G  —  D-fA  —  fE 

12  Fifths  down  .  C  —  F -^  Bb  —  Eb  —  Ab  —  t2>b  —  tGb  ~  }Cb  —  JFb  — 

iBbb  —  }i?bb  —  tAbb  —  }}2>bb. 

Now  if  these  be  written  in  one  series  from  fE  to  tt-^bb,  it  is  readily  seen  that 
they  give  the  Pythagorean  scales  beginning  with  F,  Bbt  Eb,  Ab,  JZ^b,  }ffb,  t^b, 
XFbt  }/?bb,  ^-Ebb,  and  lAbb  respectively;  and,  as  will  be  most  readily  found  by 
referring  to  Appendix  XIX.,  Table  V.,  that  the  hist  five  might  be  identified  with  the 
Pythagorean  scales  of  B,  E,  A^  Ji>,  and  }  G.  Again,  write  the  tones  as  follows  with  the 
pitches  calculated  for  C»  264,  and  with  a  third  column  giving  the  just  major  Thirds 
to  the  tones  in  the  first  column. 


t^ 

334125 

^A 

445-500 

D 

207-000 

G 

396000 

C 

264000 

F 

362-000 

Bb 

460-333 

Eb 

312-889 

Ab 

417*185 

IDb 
wGb 

V.Cb 
WFb 
V.Bbb 
:\Ebb 
\\Abb 
tjjybb 


278123 
370-831 
494-442 
329628 
439504 
293002 
390-670 
520-893 
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278-438 

Ft 

371-250 

B 

495-000 

E 

330-000 

A 

440000 

\D 

293-333 

G 

391111 

C 

521-462 
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Abdul  Kadir  assigns  the  following  intonation  to  the  three  first 
of  the  12  principal  tonal  modes  or  Makamat : — 

Ancient  Greek 
Arabic  r  tt  i. 

1.  Uschak  C-D  -E  -F-0  -A  -fih-c  f  HyP«Pl^yg»a°  «' 

^        \  Ionian. 

2.  Newa      C-D  -E\^F-0  -A\^-B\>^c  \^J^'''^'^  ""' 

^        ^       "^        gallon  p.  413. 

These  three  are  therefore  completely  identical  with  the  ancient 
Greek  scales  in  Pythagorean  intonation.*  Since  the  Arabic 
theoreticians  divide  these  scales  into  the  Fourth  C— -Fand  the 
Fifth  -F—  c,  and  since  C,  F  and  B\}  are  considered  to  be  invariable 
tones,  and  the  others  to  be  variable,  it  is  probable  that  F  must  be 
regarded  as  the  Tonic.     In  this  case 

1.  Uachak  would  be  =i^  major. 

2.  Newa  would  be     =the  mode  of  the  minor  Seventh  of  F} 

3.  Buselik  would  be  =the  mode  of  the  minor  Sixth  of  F. 

all  three  in  Pythagorean  intonation.  The  Persian  school  also 
considers  the  scale  to  be  related. 

The  next  group  consists  of  five  tonal  modes  having  just  or 
natural  intonation,  namely : 

We  then  see  that  the  tones  in  the  second  colamn  are  generally  lew  than  those  in 
the  third,  by  one  vibration  in  two  seconds.  In  melody,  therefore,  no  error  would  be 
felt  if  we  used  the  second  column  for  the  third.  In  harmony  the  major  Third  C  to 
%Fb  would  beat  1*488  per  second,  c  and  Xfb  double  that  or  2-977t  nearly  3  times  a 
second,  which  would  be  very  perceptible,  and  </  and  t/'b  be^t  nearly  6  times  in  a 
second.  Heuce,  although  much  better  than  the  equally  tempered  major  Thirds,  these 
would  be  felt  as  rough  in  the  higher  Octaves.  This,  however,  could  not  be  perceived 
by  the  Arabs  who  used  melody  only.  Hence  this  arrangement  gave  the  tempered  but 
nearly  just  major  scales  of  2),  G,  C,  F,  Bb ,  and  Eb ,  as  well  as  the  Pythagorean  major 
scales  above  noted. — TVansicUor.'l 

*  [These  scales  in  the  notation  of  A  pp.  XIX.  are — 

1.  Uschak.     C—   D    —fE    _F—    O    —fA    —  ^b  —  <? 

2.  Newa    .     C—    2)    —    Eb  —  F  —    G    —    ^b  —  ^b  —  <? 

3.  Buselik.     C— tZ)b  —    Eb  —F—tGb  —    Ab  —  Bb  —  c 
See  App.  XIX.,  Table  III.,  B,  7.  C  3,  6,  7,  respectively.— 7Vfl»»^/or.] 

•  [In  the  German  text.  QuartengeschUcht,  or  the  mode  of  the  Fourth  of  F.  The 
tones  in  the  mode  of  the  Fourth  of  F  are  those  in  the  Pythagorean  scale  of  B\, ,  or,  in 
order  of  Fifths,  J5:b  —  -Bb  —  /^  —  C  —  ^  —  i>  —  t^^,  and  the  tones  of  the  mode  of 
the  minor  Seventh  of  F  are  those  in  the  Pythagorean  scale  of  Eb ,  or,  in  order  of 
Fifths,  Ab  —  Eb—Bb—F—C—G  —  D.  The  correction  is  therefore  evident. 
—  Translator.'] 
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4.  East  C  —  D-E   —F—O  —  A    —B\^  —  c 

5.  Husseini  C  —  i  —  E\}  ~  F  —  Q  —  A\^  —  B\}  —  c 

6.  Hidfichaf  C  — J?  — E\}—F— G  — A    —B\^  —  c 

7.  Bahewi  C  —  D  —  E   —  F —0 —  A\^  —  B\^— c 

8.  Sengule  C  —  D—E   —  F—  0  —  A    ^  B\^  —  c' 

Host  may  be  regarded  as  the  mode  of  the  Fourth  of  C;  Hidschaf 
as  the  mode  of  the  Fourth  of  F;  Husseini  as  the  mode  of  the 
Fourth  of  jB|>  ;  as  such  they  would  have  perfectly  natural  intona- 
tion. In  Rah&iiri,  if  we  refer  it  to  the  tonic  F,  the  'minor  Third 
A\}  is  in  Pythagorean,  not  natural,  intonation.  It  might  be  re- 
garded as  the  mode  of  the  minor  Seventh  of  F  in  which  the  major 
Seventh  {!  is  used  as  the  leading  note  in  place  of  the  minor 
Seventh,  as  in  our  own  minor  mode.  The  natural  intonation  of 
such  a  tonal  mode  cannot,  indeed,  be  properly  represented  by  the 
existing  17  tonal  degrees.  It  becomes  necessary  to  take  either 
Pythagorean  minor  Thirds  and  natural  major  Thirds  or  conversely. 
Husseini  may  be  regarded  as  the  same  tonal  mode  with  Rahewi, 
having  the  same  false  minor  Third,  but  a  minor  Seventh.  Finally 
SenguU  may  be  regarded  as  F  major  with  a  Pythagorean  Sixth. 
Exist  may  be  conceived  in  the  same  way ;  they  are  merely  dis- 
tinguished by  the  diflferent  values  of  the  Seconds  0  or  Q. 

The  four  last  Makamat  have  each  8  tones,  new  intercalary 
tones  being  employed.  Two  of  them  resemble  the  modes  Rdst 
and  SengvXe^  and  between  jB[>  and  C there  is  an  intercalary  tonei? 
introduced;  named 

9.  Irak  C— V  — E  — F— Q  — A— B\^  — Q  —c 

10.  Iszfahan     C— D  — E  — F— Q  — A  —  B\}  — c  —c 

The  last  transposed  a  Fourth  gives 

11.  Busiirg       C  —  D  —  E  —  F—G  —  G  —  A    —B  —  c 

'  [In  the  notation  of  App.  XIX. 

4.  Rast  C—XD  —  E   —F—    G^A    —Bb—c 

6.  Husseini  C  —  XD  —  Eb  —  F  —  tG -^  Ab  —  Bb  —  c 

6.  Hidschaf  C— t^  —  ^b  — -P— Jtr  — ^    —  Bb  —  e 

7.  Rahewi  C—ID  —  E   —  F -^  XG  —  Ab  -  Bb  —  e 

8.  Sengule  C—    D  —  E   —F—X(^  —  A    ^  Bb  —  c 

4.  Rast,  according  to  Kiesewetter,  is 

C—D  —  'fE  —  F—  G  —  \Bbb  —Bb—c 

where  the  true  JZJbb  is  substituted  for  the  approximate  A,    The  Z>,  f^for  JI>,  E 
essentially  alter  the  scale. —  Tyandaior.] 
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The  last  tonal  mode  is 

12.  Zirefkend  C— P  — E\^  — F— G'-A\^  — A  — B—c^ 
which  certainly,  if  rightly  reported,  is  a  very  singular  creation.     It 

'  [In  the  notation  of  App.  XIX. — 

9.  C—XD  —  E    —F—    G  —  A    —Bb—Xc  —  e 

10.  C—    D  —  E    —F—XG  —  A    —  Bb— Jc  — <? 

11.  C—   D  —  E    —F—XO—G    —A    —B  —  e 

12.  C—XD  —  Eb—F—X^  —  ^^—^    —B  —  c 

The  systems  selected  from  Kiesewetter,  with  the  exception  of  Rast,  are  those  which 
he  calls  the  '  Keys  of  the  Araho-Persian  School  after  Abdul  Kadir.'  Kiesewetter,  how- 
ever, also  gives  12  keys  with  the  same  names,  with  (occasionally)  different  intonations, 
which  he  calls  '  Makamat,  after  the  Arabic  system.'  To  compare  these  systems,  I  here 
annex  both  in  the  notation  of  App.  XIX,  with  the  perfect  Fifths  of  Abdul  Kadir's 
measurements  (p.  432,  note)  according  to  Kiesewetter's  numbers.  The  capitals  are 
the  Arabo-Persian  system  of  the  text,  the  small  letters  the  Arabic  system  ;  the  order 
IS  that  in  the  text.  In  the  Arabic  system,  Husseini  and  Buselik  are  identical,  perhaps 
by  an  error  of  Kiesewetter's : — 

1.  Uschak   .     C    —    D    —  fE    —  F  —     G    —  fA    —    Bb  —    e 

c     —    d    —  ie     —  /  —    g     —  fa     —    bb   —    o 

2.  Newa .    .     C    —    D    —    Eb—  F—     G     —    Ab  —    Bb  —    e 

c     —    d     —    eb  — /  —    g     —    ab  —    bb  —    c' 

3.  Buselik   .     C    —  X^^  —    Eb  —  F  ^  JGb  —    Ab  —    Bb  —    e 

c     —  jrfb  —    «b  — /  —  t^b   —    ab  —    bb  —    C 

4.  Rast  ..     C—    D—fE—  F-'G     —  tBbb—   Bb  —    c 

c     —    d     —  Xf^  —f  —  g      —  t*bb  —    6b  —    C 

6.  Husseini.     C    —  J^b—  Eb  —  F  —  {.^bb—    Ab  —    Bb  —    o 
c     _  Jrfb  —    eb   —f  —  X9^   —    ab  —    bb  —    tf 

6.  Hidschaf     C    —  J^bb—  Eb  —  F  —  J^bb—  t^bb—    Bb  —    c 

c     —  t^'b  —    «b    —  /  —  t^b   —  JAbb  —  Ab  —    C 

7.  Rahew!  .     C    —  J^bb— JFb  —  F  —  tiibb—    Ab  —    Bb  —    c 

c     _  Jrfi,  _  J/b   —  /  —  t^rb   —     ab   —    6b  —    </ 

8.  Sengole  .     C    —    D    —  {/''b  —  F—  J^ibb  — JBbb—    Bb  —    c 

c     —    d     —  Xfb  —f  "  X^b  —   t*bb—    bb  —    (f 

9.  Imk  .     .     C    —  t/?bb— J/'l)  —  F  —  J^bb—  {Bbb—    Bb  — tt^bb— <? 

c     —  t^-bb  — 1/1)  —  /  —  t«l>»>—     ^^  —  t^^^  —  i<^b     — <^ 

10.  Iszfahan.     C    —    D—  JFb— F—     G^—   t^bb—  Bb  — tt^bb  — c 

c     —  t<£bb  — t/*'   — /  —  t«t>l>—    9     —    6b    —    </ 

11.  Biisiirg  .     C    —  t£:bb— JFb  —  F  —  j^ibb—    G    —  fA    —  Jc  b  —  c 

c    —  d    —  Xf^  —f  —  Xff^  —    g    —  t«    —  JCb  —  c' 

12.  Zirefkend    C    —  t^bb  —  Fb  —  F  —  t^bb—    Ab  —  JBbb—  t<?b  —  c 

e     —  {ebb—  t/b   —  /  —  jabb—     flb  —     *bb—   C 

The  orthography  of  the  names  is  that  of  the  text,  except  as  r«»gards  10,  hsfahan, 
which  is  misprinted  Ifzfahan,  here  corrected  after  Kiesewetter,  whose  orthography  is, 
however,  not  consistent,  and  he  has  unfortunately  not  given  the  words  in  Arabic 
letters. — Translator.  ] 
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'  might  be  looked  upon  as  a  minor  scale  with  a  major  Seventh,  and 
both  a  major  and  minor  Sixth,  but  then  the  Fifth  0  is  wrong.  On 
the  other  hand,  if  F  is  taken  as  the  tonic,  it  has  no  Foiuth,  for 
which  certainly  there  is  some  analogy  in  the  Mixolydian  and 
Hypolydian  scales.  The  instructions  for  scales  of  eight  notes  are 
very  contradictory,  to  judge  by  the  different  authorities  cited  by 
Kiesewetter. 

The  following  four  are  distinguished  as  the  principal  modes  of 
the  Makamat :  — 

1.  Uschak  =  Pythagorean  i?' major 

2.  East        =  Natural  mode  of  the  Fourth  of  (7,  or  natural  F 

major  with  acute  Sixth. 

3.  Hus8eini= Natural  mode  of  the  minor  Seventh  of  F. 

4.  Hid8chaf=  Natural  mode  of  the  Fouith  of  FJ 

We  find  then  a  decided  predominance  of  scales  with  a  perfectly 
correct  natural  intonation,  which  has  been  attained  by  a  skilful 
use  of  a  continued  series  of  Fifths.  This  makes  the  Arabic  and 
Persian  tonal  system  very  noteworthy  in  the  history  of  the  develop- 
ment of  music.  Moreover,  in  some  of  these  scales  we  find  ascend- 
ing leading  notes,  which  are  perfectly  foreign  to  the  Greek  scales. 
Thus  in  Bahewi,  ^  is  the  leading  note  to  F^  although  the  minor 
Third  -4t>  stands  above  -P,  while  no  Greek  scale  could  have  allowed 
this  without  at  the  same  time  changing  E  into  E\}.  Similarly  in 
Zirefkend  the  B  is  used  as  a  leading  note  to  (7,  although  the  minor 
Third  J^  is  used  above  G, 

At  a  little  later  period  a  new  musical  system  was  developed  in 
Persia  with  twelve  Semitones  to  the  Octave,  analogous  to  the 
modem  European  system.  Kiesewetter  here  hazards  the  very 
unlikely  hypothesis  that  this  scale  was  introduced  into  Persia  by 
Christian  missionaries.  But  it  is  clear  that  the  system  of  17  tonal 
degrees  which  had  been  previously  in  popular  use,  merely  required 
the  feeling  for  the  finer  distinctions  to  grow  dull  so  that  intervals 

'  [These  four  Arabic  modes  on  the  left  are  tiiose  previously  marked  1,  in  note  to 
p.  433,  and  4,  5,  6  in  note  to  p.  434,  in  the  notation  of  App.  XIX.  But  the  four  scales 
named  on  right  in  the  text,  would  be  in  r he  same  notation — 

Bb—  c  —  d—  fe—  f 
F  —  G  —  fA  —  Bb—  c 
Bb—  %c  —  td  —  eb  —  f 
Bb  —    c    —  jrf    —    eb  —   f 

And  on  comparing,  it  is  seen  that  (1)  and  (4)  agree  entirely  with  Uschak  and  Hidschaf, 
but  (2)  differs  from  Rast  as  before  laid  down,  by  hanng  -fA  for  A,  and  again  (3) 
differs  from  Husseini  in  having  %c  for  c, —  Translator.'] 
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which  diflfered  only  by  a  comma  should  be  confused,  in  order  to 
generate  the  system  of  twelve  Semitones.*  No  foreign  influence 
was  necessary  here.  Moreover,  the  Greek  system  of  music  had 
long  been  taught  to  the  Arabs  and  Persians  by  Farabi.  Again,  the 
European  theory  of  music  had  not  made  any  essential  advance  in 
the  fourteenth  and  fifteenth  centuries,  if  we  except  the  study  of 
harmony,  which  never  foimd  favour  with  the  Orientals.  Hence 
the  Europeans  of  those  days  could  teach  the  Orientals  nothing 
that  they  did  not  already  know  better  themselves,  except  some 
imperfect  rudiments  of  harmony  which  they  did  not  want.  There 
is  much  more  reason,  I  think,  for  asking  whether  the  imperfect 
fragments  of  the  natural  system  which  we  find  among  the  Alex- 
andrine Greeks,  do  not  depend  on  Persian  traditions,  and  also, 
whether  the  Europeans  in  the  time  of  the  Crusades  did  not  learn 
much  music  from  the  Orientals.  It  is  very  probable  that  they 
brought  the  lute-shaped  instruments  with  fingerboards  and  the 
bowed  instruments  from  the  East.  In  the  construction  of  tonal 
modes  we  might  especially  instance  the  use  of  the  leading  note, 
which  we  have  here  foimd  existing  in  the  East,  and  which  at  that 
time  also  began  to  figure  in  the  Western  music. 

The  use  of  the  major  Seventh  of  the  scale  as  a  leading  note  to 
the  tonic  marks  a  new  conception,  which  admitted  of  being  used 
for  the  further  development  of  the  tonal  degrees  of  a  scale,  even 
within  the  domain  of  purely  homophonic  music  The  tone  B  in 
the  major  scale  of  C  has  the  most  distant  relationship  of  all  the 
tones  to  the  tonic  C,  because  as  the  major  Third  of  the  dominant 
0,  it  has  a  less  close  connection  with  it  than  its  Fifth  Z).  We 
may  perhaps  assume  this  to  be  the  reason  why,  when  a  Sixth  tone 
was  introduced  into  some  Giielic  airs,  the  Seventh  was  usually 
omitted.  But,  on  the  other  hand,  the  major  Seventh  ff  developed 
a  peculiar  relation  to  the  tonic,  which  in  modem  music  is  indicated 
by  calling  it  the  leading  note.  The  major  Seventh  S  diflFers  fit>m 
the  Octave  c  of  the  tonic  by  the  smallest  interval  in  the  scale, 
namely  a  Semitone,  and  this  proximity  to  the  tonic  allows  the 
Seventh  to  be  struck  easily  and  pretty  surely,  even  when  starting 
from  tones  in  the  scale  which  are  not  at  all  related  to  B'  The 
leap  F—B,  for  example,  is  difficult,  because  there  is  no  relation- 

'  [Beferring  to  the  table  in  note  to  p.  432,  it  will  be  seen  that  with  these  oommatic 
coTifusions  the  scale  would  be  C  —  {i>b  — (t^  ^D)—Eb  —{E ^  fE)  —  F  —  t(^^ 
— (t(y  «  (?)—  Ab—{A  »  iA)  —  Bb—  B  —  (t^  =  c),  so  that  if  the  new  scale  agreed 
in  any  respect  with  equal  temperament  we  must  supptise  the  intonation  of  every  not« 
to  have  been  somewhat  changod. — 7rans/a(ar.'\ 
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ship  at  all  between  the  tones.  But  when  a  singer  has  to  perform 
the  passage  F — B — c,  he  conceives  the  interval  F — c,  which  he 
can  easily  execute,  but  does  not  force  his  voice  up  sufficiently  high 
to  reach  c  at  first,  and  thus  strikes  B  on  the  way.  Thus  ^  assumes 
the  appearance  of  a  preparation  for  c,  and  this  view  alone  justifies 
it  to  the  ears  of  a  listener,  by  whom  the  transition  into  c  is,  there- 
fore, expected.  Hence  it  has  been  said  that  B  leads  to  c  ;  or  that  B 
is  the  leading  note  to  c.  In  this  sense  it  also  becomes  easy  to 
sharpen  ^  somewhat,  making  it  j5,  for  example,  to  bring  it  near  to 
c,  and  mark  its  reference  to  that  tone  more  distinctly. 

According  to  my  own  feeling,  the  leading  efiect  of  the  tone  B 
is  much  more  marked  in  such  passages  as  F — B — c  or  F — A — B 
— c,  in  which  B  is  not  related  to  the  preceding  tones,  than  in 
such  a  passage  as  0 — B — c.  But  as  I  have  found  nothing  on  this 
point  in  musical  writings,  I  do  not  know  whether  musicians  are 
likely  to  agree  with  me  in  this  opinion.  For  the  other  Semitone 
of  the  scale,  ^ — F,  the  F  does  not  seem  to  lead  to  J^,  if  the 
tonality  of  the  melody  is  well  preserved,  because  in  this  case  ^  has 
its  own  independent  .relation  to  the  tonic,  and  hence  is  musically 
quite  determinate.  The  hearer,  then,  has  no  occasion  to  regard  E 
as  a  mere  preparation  for  F.  Similarly  for  the  interval  0 — A\} 
in  the  minor  mode.  The  G  is  more  nearly  related  to  the  tonic  G 
than  A\}  is.  On  the  other  hand,  Hauptmann  is  probably  right  in 
considering  the  interval  D — S  in  the  minor  mode,  as  one  in 
which  D  leads  to  -^,  because  D  has  only  a  relationship  of  the 
second  degree  to  the  tonic  0,  although  its  relationship  is  certainly 
closer  than  that  of  B  to  0. 

But  the  relation  of  D\^  in  descending  passages  of  the  mode  of 
the  minor  sixth  of  C  (the  old  Greek  Doric)  is  perfectly  similar  to 
the  eflfect  of  P  in  the  ascending  scale  of  C  major.  It  really  forms 
a  kind  of  descending  leading  note,  and  since  in  the  best  period  of 
Greek  music  descending  passages  were  felt  as  nobler  and  more 
harmonious  than  ascending  ones,*  this  peculiarity  of  the  Doric 
mode  may  have  been  of  special  importance  and  have  been  a  reason 
for  the  preference  given  to  this  scale.  The  cadence  with  the 
chord  of  the  superfluous  Sixth — 

ni^—F  —0  —  B 
C    —£^  —  G—c 

»  Arittotle,  Problems  xix.  33.     [Tlic  passage  has  already  been  citeil  at  full,  p.  370, 
note. —  JVanslator,] 
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is  almost  the  only  isolated  and  misunderstood  remnant  of  the 
ancient  tonal  modes.  This  is  a  (Greek)  Doric  cadence,  in  which 
D\}  and  ^  are  both  used  at  the  same  time  as  leading  notes  to  C.^ 
The  relation  of  the  second  or  parhypate  of  the  Greek  Doric 
scale,  to  the  lowest  tone  or  hypate^  seems  also  to  have  been  per- 
fectly well  felt  by  the  Greeks  themselves,  to  judge  by  Aristotle's 
remarks  in  the  third  and  fourth  of  his  problems  on  harmony.  I 
cannot  abstain  from  adducing  them  here  because  they  admirably 
and  delicately  characterise  the  relation.  Aristotle  inquires  why 
the  singer  feels  his  voice  more  taxed  in  taking  the  parhypate 
than  in  taking  the  hypate,  although  they  are  separated  by  so 
small  an  interval.  The  hypate  is  sung  with  a  remission  of  effort. 
And  then  he  adds  that  in  order  to  reach  an  aim  easily  it  is  neces- 
sary that  in  addition  to  the  motive  which  determines  the  will,  the 
kind  of  volitional  effort  should  be  quite  familiar  and  easy  to  the 
mind.*  The  effort  felt  in  singing  the  leading  note  does  not  lie  in 
the  larynx,  but  in  the  difl&culty  we  feel  in  fixing  the  voice  upon  it 

'  [This  cadence  is  a  union  of  the  ancient  Doric  lieginning  with  c,  rendered  harmoni* 
sable  as  the  mode  of  the  minor  Sixth,  (c  —  d\f  —  t*fb  — /  —  g  —  +«b  — ^b —  <?',) 
with  the  modem  minor,  beginning  with  c,  (c  —  d  —  feb  — / —  ff  —  fab  — b  —  e',) 
and  wiU  be  more  particularly  considered  in  the  next  chapter.  See  also  App.  XIX., 
Table  III.,   D,  Vin  ,  mimiyi'mA.— Translator.] 

'  This  periphRisis  seems  to  me  to  render  correctly  the  last  clause  in  the  following 
citation  :  Ai^  rt  t^k  vapvird  ttjk  ^5ovt€J  fidkiffra  i»o^^^7WKTai,  obx  irrow  ^  r^w  rfiniw 
jcol  tA  &yw,  fierit  9\  ^laffrdattts  wXttovos  ;*H  thi  xoAcir^cwa  ra^w  ifZovatf  koX  o5ti|  ^ 
if>X^ ;  Tb  Si  x^<*^''>  '*^  ''^'^  itrtraaiv  [leol  frlta-iy]  t^j  ^yfit;  iv  roihou  9^  it6vor 
•Kovovrra  Ik  puaXXoy  8ia^0c(pcTCU.  At^  ri  l\  rairrnv  xaAc«-»f,  r^y  tk  vwi.Tnv  pqZlus'  Ktdroi 
Hwis  iKordpas ;  *H  Sri  fitr*  &y/<rc»s  v  bwdrii,  fcal  ifia  /act^  r^y  <r^araaiy  iXaupphv  r6  Apw 
fidXXtw ;  Ai2t  rtdno  9h  foifcc  vpds  fiiiuf  f  8c<r0ai  rd  vpds  ra^iiw  ^  mtLpcarfinir  f S^fura* 
t«i  ydp  firrd  avrwoltu  koL  Karaardo^vs  ohctiordnis  rf  ffOci  vp6s  r^r  fio{>\ri<nw.  Arist, 
Probl.  xix.  3, 4.  [The  whole  passage  may  perhaps  be  translated  thus :  'Why  do  those  who 
sing  the  parhypate  break  down  not  less  than  those  who  sing  the  neie  and  higher  tones, 
though  with  a  greater  disagreement  (iidtrraais)?  Is  it  because  they  sing  this  with 
the  greatest  difficulty,  even  when  this  is  the  beginning?  Does  not  difficulty  arise  from 
straining  [and  forcing]  the  voice  ?  This  occasions  effijrt,  and  things  done  with  efibrtare 
most  apt  to  fail.  But  why  do  they  sing  the  parhypate  with  difficulty,  and  yet  take  the 
hypate  easily,  although  there  is  only  a  diesis  (Semitone  or  Quartertone)  between  them? 
Is  it  because  the  hypate  is  sung  with  a  remission  of  effort,  and  at  the  same  time  it  is 
easy  to  go  upwards  after  getting  oneself  together  for  the  effort  (o^orewij)?  For  the 
same  reason  it  is  easy  to  sing  what  leads  up  to  any  note,  or  the  paranete.  For  the 
will  requires  not  only  conscious  thought  (<r^  yoia)  but  an  inclination  (Kordoraois)  which 
is  perfectly  familiar  to  the  habit  of  mind  (iieos),*  The  passage  is  very  difficult,  and 
there  was  clearly  a  connection  in  the  writer's  mind  between  Ji(i<rTo<rij,  ffvaraois, 
and  Kardxnaais,  which  influenced  his  reasoning,  but  evapoKites  in  translation. — 
Translator.  ] 
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by  mere  volition  while  another  tone  is  already  in  our  mind,  to 
which  we  desire  to  pass,  and  which,  by  its  proximity  conducted  us 
to  the  leading  note.  It  is  not  till  we  reach  the  final  tone  that  we 
feel  ourselves  at  home  and  at  rest,  and  this  final  tone  is  sung 
without  any  strain  on  the  will. 

Proximity  in  the  scale  then  gives  a  new  point  of  connection 
between  two  tones,  which  is  not  merely  active  in  the  case  of  the 
leading  note,  just  considered,  but  also,  as  already  mentioned,  in 
interpolating  tones  between  two  others  in  the  chromatic  and 
enharmonic  modes.  Intervals  of  pitch  are  in  this  respect  analogous 
to  measurements  of  distance.  When  we  have  the  means  of  deter- 
mining one  point  (the  tonic)  with  great  exactness  and  certainty, 
we  are  able  by  its  means  to  determine  other  points  with  certainty, 
when  they  are  at  a  known  small  distance  from  it  (the  interval  of  a 
Semitone),  although  perhaps  we  could  not  have  determined  them 
with  so  much  certainty  independently.  Thus  the  astronomer  em- 
ploys his  fundamental  fixed  stars,  of  which  the  positions  have  been 
determined  with  the  greatest  possible  accuracy,  for  accurately 
determining  the  positions  of  other  stars  in  their  neighbourhood. 

We  may  also  remark  that  the  interval  of  a  Semitone  plays  a 
peculiar  part  as  the  introduction  (appoggiatura)  to  another  note. 
As  an  appoggiatura  in  a  melody  any  tone  can  be  used,  even  when 
not  in  its  scale,  provided  it  makes  the  interval  of  a  Semitone  with 
the  note  in  the  scale  which  it  introduces ;  but  a  foreign  tone  which 
makes  the  interval  of  a  whole  Tone  with  that  note  in  the  scale, 
cannot  be  so  used.  The  only  justification  of  this  use  of  the 
Semitone  is  certainly  its  existence  as  a  well-known  interval  in  the 
diatonic  scale,  which  the  voice  can  sing  correctly  and  the  ear  can 
readily  appreciate,  even  when  the  relations  on  which  its  magnitude 
depends  are  not  clearly  sensible  in  the  passage  where  it  is  used. 
Hence  also  no  arbitrarily  chosen  small  interval  can  be  thus  em- 
ployed. Although  slight  changes  in  the  interval  of  the  leading 
note  may  be  introduced  by  practical  musicians  to  give  a  stronger 
expression  to  its  tendency  towards  the  tonic,  they  must  never  go 
so  far  as  to  make  those  changes  clearly  felt. 

Hence  the  major  Seventh  in  its  character  of  leading  note  to 
the  tonic  acquires  a  new  and  closer  relationship  to  it,  unattainable 
by  the  minor  Seventh.  And  in  this  way  the  note  which  is  most 
distantly  related  to  the  tonic  becomes  peculiarly  valuable  in  the 
scale.     This  circumstance  has  continually  grown  in  importance  in 
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modem  music,  which  aims  at  referring  every  tone  to  the  tonic  in  the 
clearest  possible  manner  ;  and  hence,  in  ascending  passages  going 
to  the  tonic,  the  major  Seventh  has  been  preferred  in  all  modern 
keys,  even  in  those  to  which  it  did  not  properly  belong.  This 
transformation  appears  to  have  begun  in  Europe  during  the  period 
of  polyphonic  music,  but  not  in  part  songs  only,  for  we  find  it  also 
in  the  homoplionic  Canttis  Jirniua  of  the  Roman  Catholic  Church. 
It  was  blamed  in  an  edict  of  Pope  John  XXII.,  in  1322,  and  in 
consequence  the  sharpening  of  the  leading  note  was  omitted  in 
writing,  but  was  supplied  by  the  singers,  a  practice  which  Win- 
terfeld  believes  to  have  been  followed  by  Protestant  musical  com- 
posers even  down  to  the  sixteenth  and  seventeenth  centuries,  be- 
cause it  had  once  come  into  use.  And  this  makes  it  impossible  to 
determine  exactly  what  were  the  steps  by  which  this  change  in  the 
old  tonal  modes  was  effected.* 

Even  to  the  present  day,  according  to  A.  v.  Oettingen's  report,* 
the  Esthonians  struggle  against  singing  the  leading  note  in  minor 
scales,  although  it  may  be  clearly  struck  on  the  organ. 

Among  the  ancient  tonal  modes,  the  Greek  Lydian  (major 
mode),  and  the  immelodic  Hypolydian  (mode  of  the  Fifth)  had 
the  major  Seventh  as  the  leading  note  to  the  tonic,  and  hence  the 
first  was  developed  into  the  principal  tonal  mode  of  modem  music, 
the  major  mode.  The  Greek  Ionic  (mode  of  the  Fourth)  differed 
from  it  only  in  having  a  minor  Seventh.  On  simply  altering  this 
into  a  major  Seventh,  this  mode  also  became  major.  On  giving  a 
major  Seventh  to  each  of  the  other  three,  they  gradually  converged 
to  our  present  minor  mode  during  the  seventeenth  century.  From 
the  Greek  Phrygian  (mode  of  the  minor  Seventh)  by  changing 
jBI>  into  B  we  obtain 

THE  ASCENDING  MINOR  SCALE. 

C—D—£\}—F—G—A—B—c 

as  we  had  already  found  from  a  simple  consideration  of  the  rela- 
tionship of  tones.     The  Greek  Hypodoric  or  Eolic  (mode  of  the 

>  'Der  evangelische  Kirchengesang.'    Leipzig,  1843,  vol.  1,  introduction. 

*  •  Das  Harmoniesystom  in  dualer  Entwickelung/  Dorpat  und  Leipzig,  1866,  p.  113. 
[Mr.  Curwen  'in  reference  to  the  ecclesiastical  Doric,  or  mode  of  the  minor  Seventh, 
Bays :  *  In  Wales,  both  North  and  .South,  this  mode  is  much  preferred  to  the  Lah  mode,* 
the  modern  minor  mole,  '  and  popular  tunes  printed  in  one  made  are  sung  in  the  other.* 


442  THE  LEADING  NOTE.  Part  IIL 

minor  Third),  which  answers  to  our  descending  minor  scale, 
gives  on  changing  B\}  into  JB, 

THB  INSTRUMENTAL  HINOB  8CALE. 

C— D  —  £\}  —  F— G  —  A)j  —  B  —  c 

which  is  difficult  for  singers  to  execute,  on  account  of  the  interval 
A\f  —  Bj  but  frequently  occurs  in  modem  music  both  ascending 
and  descending.' 

The  Greek  Doric  (mode  of  the  Sixth)  with  a  major  instead  of  a 
minor  Seventh,  is  still  discoverable  in  the  final  cadence  mentioned 
on  p.  438. 

The  genera]  introduction  of  the  leading  tone  represents,  there- 
fore, a  continually  increasing  consistency  in  tlie  development  of  a 
feeling  for  the  predominance  of  the  tonic  in  a  scale.  By  this 
change,  not  only  is  the  variety  of  character  in  the  ancient  tonal 
modes  seriously  injuied,  and  the  wealth  of  previous  means  of 
expression  essentially  diminished,  but  even  the  links  of  the  chain 
of  tones  in  the  scale  were  disrupted  or  disturbed.  We  have  seen 
that  the  most  ancient  theory  made  tonal  systems  consist  of  series 
of  Fifths,  and  that  each  system  had  at  first  four  and  afterwards  six 
intervals  of  a  Fifth.  The  predominance  of  a  tonic  as  the  single 
focus  of  the  system  was  not  yet  indicated,  at  least  externally  ;  it 
became  apparent  at  most  by  a  limitation  of  the  number  of  Fifths 
to  contain  those  tones  only  wliich  occurred  in  the  natural  scale. 

ilo  then  cites  *  Bangor ,  a  tune  of  the  ancient  British  CJhurch,  as  it  may  now  be  heard 
in  the  churches  of  Wales  and  Scotland  whenever  sung,  without  book  or  instrument,' 
with  the  cadences  d"  —  o"  —  h'  —  a\  and  of  —  ff'  —  fl',  and  says  that  *  when  mnsicAl 
men  altered  the  melody  to  suit  the  requirements  of  modem  harmony,  and  printed  these 
altered  melodies,  the  consequence  was  that  the  people  either  ceased  to  use  the  tune  or 
continued  to  sing  it  differently  from  the  printed  copy.'  And  then  in  reference  to  the 
tune  Windsor  or  Dundee,  he  mentions  that  some  copies  used  the  cadences  a'  —  {^I 
twice,  and  a'  —  {^J  —  a'  once,  in  place  of  the  original  a'  —  y'  and  a'  —  ^ —  of,  in 
which  form  it  appeared  in  Este's  'Whole  Book  of  Psalms,'  a.d.  1502,  but  so  strong 
was  the  resistance  of  the  popular  ear  to  such  an  alteration  of  the  melody  that  forty 
years  later  the  tune  appears  in  John  Knox's  Psalter  with  the  first  and  second  [^ 
unaltered,  and  only  the  last  made  into  [J;/!  ].  'Standard  Course,'  pp.  84,  86. — 
Translator.] 

'  [In  the  notation  of  App.  XIX.,  the  ascending  minor  scale  is 
C—D  —  fEb  —F—  G  —  A  —  B  —  c, 
and  the  instrumental  minor  schIc  is 

C  —  D  —  -fEb  -  F ~  G     ■  iA\)  --  B  -  c.    —Translator.] 
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All  Qreek  tonal  modes  may  be  formed  firom  the  tones  in  the  series 
of  Fiflhd — 

F  -  C  —  Q  ~  D  ~  A  —  E  —  B.* 

Directly  we  proceed  to  the  natural  intonation  of  Thirds,  the  series 
of  Fiftiis  is  internipted  by  an  imperfect  Fifth,  as  in 

F—  C—  G~D  —  4^~S—  d 
where  the  Fifth  D  —  4  is  imperfect.     And  when  finally  the  sharp 
leading  note  is  introduced,  as  by  the  use  of  ^  for  (?  in  4  minor, 
the  series  is  entirely  interrupted. 

In  the  gradual  development  of  the  diatonic  system,  therefore, 
the  varioui;  links  of  the  chain  which  bound  the  tones  together 
were  sacriBced  successively  to  the  desire  of  connecting  all  the 
tones  in  a  scale  with  one  central  tone,  the  tonic.  And  in  exact 
proportion  to  the  degree  with  which  this  was  carried  out,  the 
conception  of  tonality  coniiciougly  developed  itself  in  the  minds  of 
musicians. 

The  further  development  of  the  European  tonal  system  is  due 
to  the  cultivation  of  harmony,  which  will  occupy  us  in  the  next 
chapter. 

But  before  leaving  our  present  subject,  some  doubtful  points 
have  still  to  be  considered.  In  the  preceding  chapter  I  have  shewn 
that  the  melodic  relationship  of  tones  can  be  made  to  depend  upon 
their  upper  partials,  precisely  in  the  same  way  as  their  consonance 
wau  shewn  to  he  determined  in  Chapter  X.  Now  this  method  of 
explanation  may  in  a  certain  sense  be  considered  to  agree  with  the 
fevourite  asBcrtion  that  '  melody  is  resolved  harmony,'  on  which 
musicians  do  not  hesitate  to  form  musical  systems  without  staying 
to  enquire  how  harmonies  could  have  been  resolved  into  melodies 
at  times  and  places  wlieie  hannoniea  had  either  never  been  heard,  or 
were,  after  hearing,  repudiated.  According  to  our  explanation,  at 
least,  the  same  physical  peculiarities  in  the  composition  of  musical 
tones,  which  determined  consonances  for  tones  struck  simultane- 
ously, would  also  determine  melodic  relations  for  tones  struck  in 
succession.  The  former  then  would  not  he  the  reason  for  the  latter, 
aa  the  above  phrase  suggests,  but  both  would  have  a  commoo 
cause  in  the  natural  formation  of  musical  tones. 

'  [Id  the  notntion  of  App.  XIX., 

f—  C—  G  —  V  —  U  —  ft:  —  fS.—Tr«n4tator.] 
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Again,  in  consonance  we  found  other  peculiar  relations,  due  to 
combinational  tones,  which  become  eflfective  even  when  simple 
tones,  or  tones  with  few  and  faint  upper  partials,  are  struck  simul- 
taneously. I  have  already  shewn  that  combinational  tones  very 
imperfectly  replace  the  effect  of  upper  partia]  tones  in  a  consonance, 
and  that  consequently  a  chord  formed  of  simple  tones  is  wanting 
in  brightness  and  character,  the  distinctions  between  consonance 
and  dissonance  being  only  very  imperfectly  developed. 

In  melodic  passages,  liowever,  combinational  tones  have  no 
effect  at  all,  and  hence  the  question  arises  as  to  how  far  a  melodic 
effect  could  be  produced  by  a  succession  of  simple  tones.  There 
is  no  doubt  that  we  can  recognise  melodies  which  we  have  already 
heard,  when  they  are  executed  on  the  stopped  pipes  of  an  organ, 
or  are  whistled  with  the  mouth,  or  struck  out  on  a  glass  or  wood 
or  steel  harmonica,  as  a  musical  box,  or  are  played  on  bells. 
But  there  is  also  no  doubt  that  all  these  instruments,  which  gene- 
rate simple  tones,  either  alone  or  accompanied  by  weak  and  remote 
inharmonic  secondary  tones,  are  incapable  of  producing  any  effec- 
tive melodic  impression  without  an  accompaniment  of  musical 
instruments  proper.  They  may  be  often  extremely  effective  for 
performing  single  parts  when  accompanied  by  the  organ,  or 
the  orchestra,  or  a  pianoforte,  but  by  themselves  they  produce 
very  poor  music  indeed,  which  degenerates  into  absolute  un- 
pleasantness when  the  inharmonic  secondary  tones  are  somewhat 
too  loud. 

We  are  bound,  however,  to  give  some  reason  why  any  impres- 
sion of  melody  at  all  can  be  produced  by  such  instruments. 

Now  we  must  first  remember  t]iat,  as  shewn  at  the  end  of 
Chapter  VII.,  the  construction  of  the  ear  itself  favours  the  genera- 
tion of  weak  harmonic  upper  partials  within  its  chambers  when 
powerful  but  objectively  simple  tones  are  sounded.  Hence  it  is  at 
most  very  weak  objectively  simple  tones  which  can  be  regarded  as 
also  subjectively  simple. 

Next,  there  is  an  effect  of  memory  to  be  brought  into  account. 
Supposing  that  I  have  been  used  to  hear  Fifths  taken  at  all  possible 
pitches,  and  have  recognised  them  by  aural  sensation  as  having  a 
very  close  melodic  relationship,  I  should  know  the  magnitude  of 
this  interval  by  experience  for  every  tone  in  the  scale,  and  should 
retain  the  knowledge  thus  acquired  by  the  action  of  a  man's  memory 
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of  sensaticms,  even  of  those  for  which  he  has  no  verbal  ex* 
ptession. 

When,  then,  I  hear  such  an  interval  executed  on  tuning-forks, 
I  am  aUe  to  recognise  it  as  an  interval  I  have  often  heard,  although 
its  tones  have  either  none,  or  only  some  fsdnt  remnants  of  those . 
upper  partials  which  formerly  gave  it  a  right  to  be  considered  as  a 
fieivourite  interval  of  close  melodic  relationship.  And  just  in  the 
same  way  I  shall  be  able  to  recognise,  as  previously  known,  other 
melodic  passages  or  whole  melodies  which  are  executed  in  simple 
tones,  and  even  if  I  hear  a  melody  for  the  first  time  in  this  way, 
whistled  with  the  mouth  or  chimed  by  a  clock,  or  struck  on  a  glass 
harmonica,  I  should  be  able  to  complete  it  by  imagining  how  it 
would  sound  if  executed  on  a  real  musical  instrument,  as  the  voice 
or  a  violin. 

A  practised  musician  is  able  to  form  a  conception  of  a  melody 
by  merely  reading  the  notes.  If  we  give  the  prime  tones  of  these 
notes  on  a  glass  harmonica,  we  give  a  firmer  basis  to  the  conception 
by  really  exciting  a  large  portion  of  the  impression  on  the  senses 
which  the  melody  would  have  produced  if  sung.  Simple  tones, 
however,  merely  exhibit  an  outline  of  the  melody.  All  that  gives 
the  melody  its  charm  is  absent.  We  know,  indeed,  the  individual 
intervals  which  it  contains,  but  we  have  no  immediate  impression 
on  our  senses  which  serves  to  distinguish  those  which  are  distantly 
firom  those  which  are  closely  related,  or  the  related  from  the  totally 
unrelated.  Observe  the  great  diflFerence  between  merely  whistling 
a  melody  or  playing  on  a  violin ;  between  striking  it  on  a  glass 
harmonica  or  on  the  piano  !  The  diflFerence  is  somewhat  of  the 
same  kind  as  that  between  viewing  a  single  photograph  of  a  land- 
scape, and  seeing  two  corresponding  photographs  of  it  through  a 
stereoscope.  The  first  enables  me  by  means  of  my  memory,  to  form 
a  conception  of  the  relative  distances  of  its  parts,  and  this  concep- 
tion may  be  often  very  satisfactory.  But  the  stereoscopic  fusion  of 
the  two  figures  gives  me  the  real  impression  on  the  senses  which 
the  relative  distances  of  the  parts  of  the  landscape  would  have 
themselves  produced,  and  which  I  am  obliged  in  the  case  of  a 
single  image  to  supply  by  experience  and  memorv.  Hence  the 
stereoscopic  picture  is  more  lively  than  the  simple  perspective  view, 
exactly  in  the  same  way  as  immediate  impressions  on  our  senses  are 
more  lively  than  our  recollections. 
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CHAPTER    XV. 

TUB   CONSONANT   CROUDS   OF   THE  TONAL   MODES. 

Polyphony  was  the  form  in  which  music  for  several  voices  first 
attained  a  certain  degree  of  artistic  perfection.  The  peculiar 
characteristic  of  this  style  of  music  was  that  several  voices  were 
singing  each  its  own  independent  melody  at  the  same  time,  which 
might  be  a  repetition  of  the  melodies  already  sung  by  the  other 
voices,  or  else  quite  a  diflFerent  one.  Under  these  circumstances 
each  voice  had  to  obey  the  general  law  of  tonality  common  to  the 
construction  of  all  melodies,  and,  moreover,  in  this  peculiar  case 
each  melody  had  to  be  referred  to  the  same  tonic.  Hence  each 
voice  had  to  commence  separately  on  the  tonic  or  some  tone  closely 
related  to  it,  and  to  close  in  the  same  way.  In  practice  each  voice 
was  made  to  begin  with  the  tonic  or  its  Octave.  This  fulfilled  the 
law  of  tonality,  but  necessitated  the  closing  of  a  polyphonic  piece 
by  a  unison. 

The  reason  why  higher  Octaves  might  accompany  the  tonic  at 
the  close,  lies,  as  we  saw  in  the  last  chapter,  in  the  fact  that  higher 
Octaves  are  merely  repetitions  of  portions  of  the  fimdamental  tone. 
Hence  by  adding  its  Octave  to  the  tonic  at  the  close,  we  merely 
reinforce  part  of  its  compound  ton^ ;  no  new  compound  or  simple 
tone  is  added,  and  the  union  of  all  the  tones  contains  only  the 
conatituents  of  the  tonic  itself. 

The  same  is  true  for  all  the  other  partial  tones  which  are 
contained  in  the  tonic.  The  next  step  in  the  development  of 
the  final  chord  was  to  add  the  Twelfth  of  the  tonic.  Now  the 
chord  c— c'— flf'  contains  no  element  which  is  not  also  a  con- 
stituent of  the  compound  tone  c  when  sounded  alone,  and  con- 
sequently, being  a  mere  representative  of  the  single  musical  tone 
c,  it  is  suitable  for  the  termination  of  a  piece  of  music  having 
the  tonic  c. 

Nay  even  the  chord  (/— gr'  — c"  might  be  so  used,  for  when  it 
is  struck  we  hear,  weakly  indeed,  but  still  sensibly,  the  combi- 
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national  tone  o,  so  that  the  whole  mass  of  tone  again  contains 
nothing  more  than  the  constituents  of  the  tone  c.  It  must  be 
owned,  however,  that  this  combination  would  answer  to  a  rather 
unusual  quality  of  tone,  with  a  proportionably  weak  prime 
partial. 

On  the  other  hand,  it  was  not  possible  to  use  the  chords 
c— (/— /'  or  (/— /'— c"  to  end  a  piece  having  the  tonic  c,  although 
these  chords  are  consonances  as  well  as  the  preceding,  because  /  is 
not  an  element  of  the  compound  tone  c,  and  hence  the  closing 
chord  would  contain  something  which  was  not  the  tonic  at  all. 
It  is  here  probably  that  we  have  to  look  for  the  reason  why  some 
medieval  theoreticians  wished  to  reckon  the  Fourth  among  the 
dissonances.^  But  perfect  consonance  was  not  sufficient  to  make 
an  interval  available  for  the  final  chord.  There  was  a  second  con- 
dition which  the  theoreticians  did  not  clearly  imderstand.  The 
tones  of  the  final  chord  had  to  be  constituents  of  the  compound 
tone  of  the  tonic.  This  was  the  only  case  in  which  they  could 
be  employed. 

The  Sixth  of  the  tonic  is  as  ill  suited  as  the  Fourth  for  use  in 
the  final  chord.  But  the  major  Third  can  be  used,  because  it 
occurs  as  the  Fifth  partial  tone  of  the  tonic.  Since  the  qualities 
of  tone  which  are  fit  for  music  generally  allow  the  fifth  and  sixth 
partial  tone  to  be  audible,  but  make  the  higher  partials  either 
entirely  inaudible  or  at  least  very  faint,  and  since,  moreover,  the 
seventh  partial  is  dissonant  with  the  fifth,  sixth,  and  eighth,  and 
is  not  used  in  the  scale,  the  series  of  tones  available  for  the 
closing  chord  terminates  with  the  Third.  Thus  we  actually  find 
down  to  the  beginning  of  the  eighteenth  century,  that  the  final 
chord  has  either  no  Third,  or  only  a  major  Third,  even  in  tonal 
modes  which  contain  only  the  minor  and  not  the  major  Third  of 
the  tonic.  To  attain  fiilness,  it  was  preferred  to  do  violence  to  the 
scale  by  using  the  major  Third  in  the  closing  chord.  The  minor 
Third  of  the  tonic  could  never  be  a  constituent  of  its  compound 
tone.  Hence  it  was  originally  as  much  forbidden  as  the  Fourth 
and  Sixth  of  the  tonic.  Before  a  minor  chord  could  be  used  to 
close  a  piece  of  music  the  feeling  for  harmony  had  to  be  culti- 
vated in  a  new  direction. 

*  [Of  course  the  Eleventh  c  —  fine  —  c'  —  /*  is  very  harsh  and  almost  dissonant; 
but  this  does  not  apply  to  (/  — /'  —  c",  which,  however,  has  the  tones  of/,  as/ —  c'  — 
/'  —  c",  and  not  of  c.    See  also  p.  299,  note  2. — TVaMlator.] 
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The  ear  is  the  more  satisfied  with  a  closing  major  chord,  the 
more  closely  the  order  of  the  tones  used  imitates  the  arrangement 
of  the  partial  tones  in  a  compound.  Since  in  modem  music  the 
upper  voice  is  most  conspicuous,  and  hence  has  the  principal 
melody,  this  voice  must  usually  finish  with  the  tonic.  Bearing 
this  in  mind,  we  can  use  any  of  the  following  chords  for  the  close 
(combinational  tones  are  added  as  crotchets) : — 
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In  the  chords  1  and  2  all  the  notes  coincide  with  partials  of 
C,  and  they  therefore  most  closely  resemble  the  compound  tone  C 
itself.  And  then  closer  positions  of  the  chord  can  be  substituted, 
provided  they  resemble  the  first  by  having  C  for  the  fundamental 
tone  as  in  3,  4,  5.  They  still  retain  sufficient  resemblance  to  the 
compound  tone  of  0  to  be  used  in  its  place.  Moreover,  the  combi- 
national tones,  written  as  crotchets  in  3,  4  and  5,  assist  in  the 
eflfect  by  making  the  deeper  partials  of  the  compound  C,  at  least 
fointly,  audible.  But  the  first  two  positions  always  give  the  most 
satisfactory  close.  The  tendency  towards  a  deep  final  tone  in  har- 
monic music  is  very  characteristic,  and  I  believe  that  the  above  is 
its  proper  explanation.  There  is  nothing  of  the  kind  in  the  con- 
struction of  homophonic  melodies.  It  is  peculiar  to  the  bass  of 
part  music. 

Precisely  in  the  same  way  that  the  tonic,  when  used  as  the 
bass  of  its  major  chord  at  the  close,  gives  it  a  resemblance  to  its 
own  compound  tone,  and  is  hence  felt  as  the  essential  tone  of  the 
chord,  all  major  chords  sound  best  when  the  lowest  tone  of  their 
closest  triad  position  (No.  4,  p.  333)  is  made  the  bass.  The  other 
major  chords  in  the  scale  are  those  on  its  Fourth  and  Fifth,  and 
hence  for  the  scale  of  G  major,  are^— 4— C'andG— ^— i).  Hence 
if  we  make  the  harmony  of  a  piece  of  music  to  consist  of  these 
major  chords  only,  each  having  its  fimdamental  tone  in  the  bass, 
the  effect  is  almost  that  of  a  compound  tonic  in  different  qualities  o*' 
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tone  passing  into  its  two  nearest  related  compound  tones,  the  Fourth 
and  Fifth.  This  makes  the  harmonisation  transparent  and  definite, 
but  it  would  be  too  uniform  for  long  pieces.  Modem  popular  tunes, 
songs  and  dances,  are  however,  as  is  well  known,  constructed  in 
this  manner.  The  people,  and  generally  persons  of  small  musical 
cultivation,  can  be  pleased  only  by  extremely  simple  and  intelligible 
musical  relations.  Now  the  relations  of  the  tones  are  generally 
much  easier  to  feel  with  distinctness  in  harmonised  than  in 
homophonic  music.  In  the  latter,  the  feeling  of  relation- 
ship of  tone  depends  solely  on  the  sameness  of  pitch  of  two 
partials  in  two  consecutive  musical  tones.  But  when  we  hear  the 
second  compound  tone  we  can  at  most  remember  the  first,  and 
hence  we  are  driven  to  complete  the  comparison  by  an  act  of 
memory.  The  consonance,  on  the  other  hand,  gives  the  relation 
by  an  immediate  act  of  sensation ;  we  are  no  longer  driven  to  have 
recourse  to  memory ;  we  hear  beat«,  or  there  is  a  roughness  in 
the  combined  sound,  when  the  proper  relations  are  not  presented. 
Again,  when  two  chords  having  a  common  note  occur  in  succession, 
our  recognition  of  their  relationship  does  not  depend  upon  weak 
upper  partials,  but  upon  the  comparison  of  two  independent  notes, 
having  the  same  force  as  the  other  notes  of  the  corresponding 
chord. 

When,  for  example,  I  ascend  from  C  to  its  Sixth  A^  I  recognise 
their  mutual  relationship  in  an  unaccompanied  melody,  by  the 
fact  that  c',  the  fifth  partial  of  C,  which  is  already  very  weak,  is 
identical  with  the  third  of  A.  But  if  I  accompany  the  A  with 
the  chord  F—A^c^  I  hear  the  former  c  of  the  chord  continue  to 
sound  powerfully,  and  know  by  immediate  sensation,  that  4  and 
C  are  consonant,  and  both  of  them  constituents  of  the  compound 
tone  F. 

When  I  pass  melodically  from  C  to  £  or  D,  I  am  obliged  to 
imagine  a  kind  of  mute  G  between  them,  in  order  to  recognise 
their  relationship,  which  is  of  the  second  degree.  But  if  I 
audibly  sustain  the  note  G  while  the  others  are  sounded,  their 
common  relationship  becomes  really  sensible  to  my  ear. 

Habituation  to  the  tonal  relations  so  evidently  displayed  in 
harmonic  music,  has  had  an  indisputable  influence  on  modem 
musical  taste.  Unaccompanied  songs  no  longer  please  us ;  they 
seem  poor  and  incomplete.  But  if  merely  the  twanging  of  a 
guitar  adds  the  fundamental  chords  of  the  key,  and  indicates  the 
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harmonic  relations  of  the  tones,  we  are  satisfied.  Again,  we  cannot 
fiul  to  see  that  the  clearer  perception  of  tonal  relationship  in  har- 
monic music  has  greatly  increased  the  practicable  variety  in  the 
relations  of  tones,  by  allowing  those  which  are  less  marked  to  be 
freely  used,  and  has  also  rendered  possible  the  coostruction  of  long 
musical  pieces  which  require  powerful  links  to  connect  their  parts 
into  one  whole. 

The  closest  and  simplest  relation  of  the  tones  is  reached  in 
the  major  mode,  when  all  the  tones  of  a  melody  are  treated  as 
constituents  of  the  compound  tone  of  the  tonic,  or  of  the  Fifth 
above  or  the  Fifth  below  it.  By  this  means  all  the  relations  of 
tones  are  reduced  to  the  simplest  and  closest  relation  existing  in 
any  musical  system — that  of  the  I<'ifth. 

The  chord  of  the  tonic  G  is  somewhat  differently  related  to  the 
chord  of  G,  the  Fiilh  above  it,  and  (o  the  chord  of  F,  the  Fifth 
below  it-  When  we  pass  from  C—IE—G  to  G—J— d  we  use  a 
compoimd  tone,  G,  which  is  already  contained  in  the  first  chord,  and 
is  consequently  properly  introduced,  while  at  the  same  time  such  a 
step  leads  us  to  those  degrees  of  the  scale  which  are  most  distant 
from  the  tonic,  and  liave  only  an  indirect  relationship  with  it. 
Hence  this  passage  forms  a  distinct  progress  in  the  haiToony,  which 
is  at  once  well  assured  and  properly  based.  It  is  quite  different 
with  the  pass!ige  from  6'— ^— G  ioF—A  —e.  The  compound  tone 
F  is  not  prepared  in  the  first  chord,  and  it  has  therefore  to  be  dis- 
covered aad  struck.  The  justification  of  this  passage,  then,  is 
not  complete  on  the  ground  of  close  relationship  between  the 
chords,  until  it  is  felt  that  the  chord  of  F  contains  no  tones  which 
are  not  closely  related  to  the  tonic  G.  Hence  in  this  passage  from 
the  chord  of  G  to  that  of  F  we  miss  that  distinct  and  well-assured 
progression  which  marked  the  passage  from  the  chord  of  0  to  that 
of  G.  But  as  a  compensation,  the  progiession  from  the  chord  of  C 
to  that  of  F  has  a  softer  and  calmer  kind  of  beauty,  due,  perhaps, 
to  its  keeping  within  tones  directly  related  to  the  tonic  G.  Popular 
music,  however,  favours  the  other  passage  from  the  tonic  to  the 
Fifth  above  (hence  called  the  dominaiU  of  the  key),  and  many  of 
the  simpler  popular  songs  and  dances  consist  merely  of  an  inter- 
change of  tonic  and  dominant  chords.  Hence  also  the  common 
harmonica  (accordion,  German  concertina),  which  is  arranged  for 
them,  niv«8  the  tonic  chord  on  opening  the  l>ellows,  and  the 
dominant  chord  on  closing  them.      Tlie  Fifth  below  tlie  tonic  is 
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called  the  mbdomimut  of  the  key.  Its  chord  is  seldom  intro- 
duced at  all  into  usual  popular  melodies,  except,  perhaps,  once  near 
the  close,  to  restore  the  equilibrium  of  the  harmony,  which  had 
chiefly  inclined  towards  the  dominant. 

When  a  section  of  a  piece  of  music  terminates  with  the 
passage  of  the  dominant  into  the  tonic  chord,  musicians  call  the 
close  a  complete  cadence.  We  thus  return  from  the  tones  most 
distantly  related  to  the  tonic,  to  the  tonic  itself,  and,  as  befits  a 
close,  make  a  distinct  passage  from  the  remotest  parts  of  the  scale 
to  the  centre  of  the  system  itself.  If,  on  the  other  hand,  we  close 
by  passing  from  the  subdominant  to  the  tonic  chord,  the  result  is 
called  an  imperfect  or  plagai  cadence.  The  tones  of  the  sub- 
dominant  triad  are  all  directly  related  to  the  tonic,  so  that  we  are 
already  close  upon  the  tonic  before  we  pass  over  to  it.  Hence  the 
imperfect  cadence  corresponds  to  a  much  quieter  return  of  the  music 
to  the  tonic  chord,  and  the  progression  is  much  less  distinct  than 
before. 

In  the  complete  cadence  the  chord  of  the  tonic  follows  that  of 
the  dominant,  but  to  preserve  the  equilibriiun  of  the  system  in 
relation  to  the  subdominant,  its  chord  is  made  to  precede  that  of 
the  dominant  as  in  1  or  2. 
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This  suoeession  really  forms  the  complete  close,  by  bringing  all 
the  tones  of  the  whole  scale  together,  and  thus  in  conclusion 
collecting  and  fixing  every  part  of  the  key. 

The  major  mode,  as  we  have  seen,  permits  the  requisitions  of 
tonality  to  be  most  easily  and  completely  imited  with  harmonic 
completeness.  Every  tone  of  its  scale  can  be  employed  as  a  con- 
stituent of  the  musical  tone  of  the  tonic,  the  dominant,  or  the 
subdominant,  because  these  fundamental  tones  of  the  mode  are 
also  fundamental  tones  of  major  chords.  This  is  not  equally  the 
cose  in  tlie  other  ancient  tonal  modes. 
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In  the  minor  chords,  the  Third  does  not  belong  to  the  compound 
tone  of  its  fundamental  note,  and  hence  cannot  appear  as  a  consti- 
tuent of  its  quality ;  so  that  the  relation  of  all  the  parts  of  a  minor 
chord  to  the  fundamental  note  is  not  so  immediate  as  that  for  the 
major  chord,  and  this  is  a  source  of  dijBBculty  in  the  final  chord. 
For  this  reason  we  find  almost  all  popular  dance  and  song  music 
written  in  the  major  mode  ;  indeed,  the  minor  mode  forms  a  rare 
exception.  The  people  must  have  the  clearest  and  simplest  intel- 
ligibility in  their  music,  and  this  can  only  be  furnished  by  the 

«  [In  the  notation  of  Appendix  XIX.,  Sections  A  and  B,  where  the  nae  of  (  +  ) 
and  ( — )  between  notes,  to  shew  that  their  internal  is  a  major  op  minor  Third 
respectively,  sufficiently  indicates  the  nature  of  the  chords,  these  five  scales  wiU  be : 
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f    +     a    —    e 

+     e    —    ff 

+     6    — 

2. 

/     +     a    —    e 

+     e    —    ff 

—  t^b  + 

3. 

/    +     a    —    e 

—  feb  +     ff 

-fbb  + 

4. 

f    —  fab    f     c 

—  t<jb  +     ff 

—  fbb  + 

5. 

6b  —    db  +    / 

—  fab  +     e 

—  t«b  + 
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major  mode.  But  there  was  nothing  like  this  predominance  of 
the  major  key  in  homophonic  music.  For  the  same  reason  the 
harmonic  accompaniment  of  chorales  in  major  keys  was  developed 
with  tolerable  completeness  as  early  as  the  sixteenth  century,  so 
that  many  of  them  correspond  with  the  cultivated  musical  taste  of 
the  present  day ;  but  the  harmonic  treatment  of  the  minor  and 
the  other  ecclesiastical  modes  was  still  in  a  very  imsettled  con- 
dition, and  the  various  harmonies  then  used  strike  modem  ears  as 
very  strange. 

In  a  major  chord  c— S— flf,  we  may  regard  both  g  and  e  as  con- 
stituents of  the  compound  tone  of  c,  but  neither  c  nor  g  as 
constituents  of  the  compound  tone  of  g,  and  neither  c  nor  g  as 
constituents  of  the  compound  tone  of  g-^  Hence  the  major  chord 
c— §— 5^  is  completely  unambiguous,  and  can  be  compared  only 
with  the  compound  tone  of  c,  and  consequently  c  is  the  predomi- 
nant tone  in  the  chord,  its  root^  or,  in  Rameau's  language,  its 
fundamental  baas ;  and  neither  of  the  other  two  tones  in  the  chord 
has  the  slightest  claim  to  be  so  considered. 

In  the  minor  chord  c— 6[>— (/,  the  </  is  a  constituent  of  the 
compoimd  tones  of  both  c  and  e[>.  Neither  e\}  nor  c  occurs  in 
either  of  the  other  two  compound  tones.'  Hence  it  is  clear  that  g  at 
least  is  a  dependent  tone.  But,  on  the  other  hand,  this  minor  chord 
can  be  regarded  either  as  a  compound  tone  of  c  with  an  added  e|> 
or  as  a  compound  tone  of  e\^  with  an  added  c.  Both  views  are 
entertained  at  different  times,  but  the  first  usually  prevails.  If 
we  regard  the  chord  as  the  compound  tone  of  c,  we  find  g  for  its 
third  partial,  and  while  the  foreign  tone  ^  occupies  the  place  of 
the  weak  fifth  partial  g.  But  if  we  regarded  the  chord  as  a  com- 
pound tone  of  e\}^  although  the  weak  fifth  partial  g  would  be 
properly  represented,  the  stronger  third  partial,  which  ought  to 
be  h\^  is  replaced  by  the  foreign  tone  c.  Hence  in  modem  music 
we  usually  find  the  minor  chord  c—e\}—g  treated  as  if  its  root  or 
fimdamental  bass  were  c,  so  that  the  chord  appears  as  a  somewhat 

*  [Taking  only  seven  partials,  and  xming  the  notation  of  Appendix  XIX.,  we  have 
for— 

Compound  Tones  Simple  Partial  Tones 

12      3       4       5       6         7 

C  C      0      g      (/      e'      ^    z   ^'^ 

E  K      e      b      e'    tft    h'    i,\d" 

G  G     g      d'     g'      h'      d"    z  f" 

fA'b  I      tA'b  fcb  fAb  t<5'b    g'    t^b   g  rf"b.— rraii«fo<or.] 

'  [In  the  notation  of  Appendix  XIX.,  the  minor  chord  is  c—fcb  +g.   The  upper 
partials  of  fA'b  »n?  given  in  the  last  note,— Trawdator.] 
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altered  and  obscured  compound  tone  of  c.  But  the  chord  also 
occurs  in  the  position  «[>— flf— c  (or  better  still  as  «[>— 5^— 5)  even 
in  the  key  of  B\}  major,  as  a  substitute  for  the  chord  of  the  sub- 
dominant  e\}.  Eameau  then  calls  it  the  chord  of  the  major  Sixth, 
and,  more  correctly  than  most  modem  theoreticians,  regards  e|;>  as 
its  fundamental  bass.^ 

When  it  is  important  to  guide  the  ear  in  selecting  one  or  other 
of  these  two  meanings  of  the  minor  chord,  the  root  intended  may 
be  emphasised  by  giving  it  a  low  position  or  by  throwing  several 
voices  upon  it.  The  low  position  of  the  root  allows  such  other 
tones  as  could  be  fitted  into  its  compound  tone,  to  be  considered 
directly  as  its  partials,  whereas  the  low  compoimd  tone  itself  cannot 
be  considered  as  the  partial  of  any  other  and  much  higher  tone. 
In  the  first  half  of  last  century  when  the  minor  chord  was  first 
used  as  a  close,  composers  endeavoured  to  give  prominence  to  the 
tonic  by  increasing  thfe  loudness  of  the  tonic  note  in  comparison 
with  its  minor  Third.  Thus  in  Handel's  oratorios,  when  he  con- 
cludes with  a  minor  chord,  most  of  the  conspicuous  vocal  and 
instrumental  parts  are  concentrated  on  the  tonic,  while  the  minor 
Third  is  either  touched  by  one  voice  alone,  or  merely  by  the 
accompanying  pianoforte  or  organ.  The  cases  are  much  rarer  where 
in  minor  keys  he  gives  only  two  voices  to  the  tonic  in  the  closing 
chord,  and  one  to  its  Fifth  and  another  to  its  Third,  which  is  his 
rule  in  major  modes. 

When  the  minor  chord  appears  in  its  second  subordinate  signi- 
fication, as  e[>— ^r— c  with  the  root  «[>,  this  fact  is  shewn  partly  by 
the  position  of  e\}  in  the  bass,  and  partly  by  its  close  relationship 
to  the  tonic  J[>.  Modem  music  even  makes  this  interpretation  of 
the  chord  still  clearer  by  adding  fe|>  as  the  Fifth  of  ej^,  so  that  the 
chord  becomes  dissonant  in  the  form  e[>— gr— 5b— c.' 

'  [The  scale  of  ti?b  major,  using  the  notation  of  Appendix  XIX.,  has  the  chords, 
|eb  +  ff — fbb  +  d — t/"  +  t^ — 1<? ;  hence,  regarding  the  chord  as  made  np  of  the  notes 
of  this  scale,  itwoidd  be  fc  \  feb  +  g,  (where  |  indicates  a  Pythagorean  minor  Third,) 
which  is  not  a  minor  chord  at  all,  like  o  —  t«b  +^,  as  it  has  a  Pythagorean  in  place 
of  a  Datoml  minor  Third.  It  was  only  tempered  intonation  which  confused  the  two 
cases.    Attention  will  be  hereafter  drawn  to  this  important  distinction. — Trmuiatcr.^ 

'  [In  the  notation  of  Appendix  XIX., 

fc  I  t«b   +   ^  —  t*b  .     1.    • 

which  is  not  a  minor  chord  at  aU,  but  a  major  chord,  the  subdominant  m  the  key  of 
t5b ,  rendered  dissonant  by  introducing  fc,  the  Second  of  the  key,  or  the  Sixth  above 
the  subdominant  t«b  •  Observe  that  it  is  fc  which  is  now  introduced  in  the  text,  in 
place  of  c.  It  c  is  retained,  thus  c  —  feb  +  ^  —  t*b.  the  chord  is  one  of  those 
chords  of  the  Seventh  considered  in  Chapter  XVL — 2V«n«to/an] 
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The  disinclination  of  older  composers  to  close  with  a  minor 
chord,  may  be  explained  partly  by  the  obscuration  of  its  con- 
sonance from  false  combinational  tones,  and  partly  because,  as 
already  mentioned,  it  does  not  give  a  mere  quality  of  the  tonic 
tone,  but  mixes  foreign  constituents  with  it.  But  in  addition  to 
the  minor  Third,  which  does  not  fit  into  the  compound  tone  of  the 
tonic,  the  combinational  tones  of  a  minor  chord  are  equally  foreign 
to  it.  As  long  as  the  feeling  of  tonality  required  a  definite  single 
compound  tone  for  the  connecting  centre  of  the  key,  it  was  im- 
possible to  form  a  satisfactory  close  except  by  a  reproduction  of 
the  pure  compoimd  tone  of  the  tonic  with  no  foreign  admixture* 
It  was  not  till  a  further  development  of  musical  feeling  had  given 
the  chords  of  the  mode  an  independent  significance,  that  the  minor 
chord,  notwithstanding  its  possession  of  constituents  foreign  to  the 
compound  tone  of  the  tonic,  could  be  justified  in  it^  use  as  a  close. 

Hauptmann  *  gives  a  different  reason  for  avoiding  the  minor 
chord  at  the  close.  He  asserts  that  before  the  chord  of  the  domi- 
nant Seventh  came  into  use,  there  was  no  voice  suitable  for  fieilling 
into  the  minor  Third  of  the  tonic.  Thus  if  the  final  cadence 
consisted  of  the  chords  (r— ^— D,  C— J?l>— (r,  the  D  of  the  first 
chord  was  the  only  one  which  could  pass  melodiously  in  j&[>,  but 
this  would  have  appeared  like  the  passage  of  the  leading  note  D  in 
the  key  of  £t}  major  into  its  tonic  E\},  and  hence  have  called  up  the 
feeling  of  £\}  major  in  lieu  of  C  minor.  We  may  admit  that  this 
relation  of  the  leading  note  would  have  drawn  the  hearer's  special 
attention  to  the  two  tones  in  question,  and  to  a  certain  extent  dis- 
turbed his  recognition  of  the  key,  but  yet  it  is  clear  that  even 
witliout  the  help  of  this  chord  of  the  dominant  Seventh,  there 
were  several  ways  for  the  voices  to  pass  through  dissonances  into 
the  minor  Third  of  the  closing  chord,  if  composers  had  felt  any  wish 
to  do  so.     Thus  in  the  plagal  cadence 

which  is  so  often  used  on  other  occasions,  the  Fourth  /  could  be 
made  to  descend  to  the  minor  Third  6[>  without  any  inconvenience. 
Indeed,  we  find  that  when  the  chord  of  the  dominant  Seventh 
had  actually  come  into  use,  and  the  Seventh  F  of  the  chord 
G^B—D—F  ought  by  every  right  to  have  descended  into  the 

'  '  Harmonik  und  Metrik/  Leipzig,  1853,  p.  216. 
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minor  Third  E\}  of  the  closing  chord,  musical  pieces  of  the  fif- 
teenth century  *  avoid  this  progression,  and  make  this  Seventh  F 
either  ascend  to  the  Fifth  G,  or  descend  to  the  major  Third  E  of 
the  final  chord,  instead  of  to  ^,  its  minor  Third.  This  custom 
prevailed  down  to  Bach's  time. 

In  Chapter  XIII.  we  characterised  modem  harmonic  music,  as 
contrasted  with  medieval  polyphony  by  its  development  of  a  feeling 
for  the  independent  significance  of  chords.  In  Palestrina,  Grabrieli, 
and  still  more  in  Monteverde  and  the  first  composers  of  operas, 
we  find  the  various  degrees  of  harmoniousness  in  chords  carefully 
used  for  the  purposes  of  expression.  But  these  masters  are  almost 
entirely  without  any  feeling  for  the  mutual  relation  of  consecutive 
chords.  Their  chords  often  follow  one  another  by  entirely  uncon- 
nected leaps,  and  the  only  bond  of  union  is  the  scale,  to  which 
all  their  notes  belong. 

The  transformation  which  took  place  from  the  sixteenth  to 
the  beginning  of  the  eighteenth  century,  may,  I  think,  be 
characterised  by  the  development  of  a  feeling  for  the  indepen- 
dent relationship  of  chords  one  to  the  other,  and  by  the 
establishment  of  a  central  core,  the  tonic  chords  round  which 
were  grouped  the  whole  of  the  consonant  chords  that  could  be 
formed  out  of  the  notes  of  the  scale.  For  these  chords  there 
was  a  repetition  of  the  same  eflFort  which  was  formerly  shewn  in 
the  construction  of  the  scale,  where  interrelations  of  the  tones 
were  first  grounded  on  a  chain  of  intervals,  and  afterwards  on 
a  reference  of  each  note  to  a  central  compound  tone,  the  tonic. 

Two  chords  which  have  one  or  more  tones  in  common  will 
here  be  termed  directly  related. 

Chords  which  are  directly  related  to  the  same  chord  will  be 
here  said  to  be  related  in  the  second  degree. 

Thus  c  —  e—g  and  g^h—d  are  directly  related,  and  so  are 
c—^—g  and  ^— c— g;  but  g^b—d  and  a— c— g  are  related  only 
in  the  second  degree. 

When  two  chords  have  two  tones  in  common  they  are  more 
closely  related  than  when  they  have  only  one  tone  in  common. 
Thus  c—Q^g  and  (i— c— g  are  more  closely  related  than  c—Q-^g 
and  g  —  b—d. 

>  See  an  example  in  Anton  Brumel,  in  Forkel's  '  Geschichte  der  Musik/  toL  ii.  p. 
647.  Another,  with  a  plagal  wulen<»  by  Joaquin,  will  he  found,  ibid.  p.  660,  where 
tiic  voices  niight  have  easily  been  led  to  the  minor  Third. 
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The  tonic  chord  of  any  tonal  mode  can  of  course  only  be  one 
which  more  or  less  perfectly  represents  the  compoimd  tone  of 
the  tonic,  that  is,  that  major  or  minor  chord  of  which  the  tonic 
is  the  root.  The  tonic  note,  as  the  connecting  core  of  all  the  tones 
in  a  regularly  constructed  melody,  must  be  heard  on  the  first 
accented  part  of  a  bar,  and  also  at  the  close,  so  that  the  melody 
starts  from  it  and  returns  to  it ;  the  same  is  true  for  the  tonic 
chord  in  a  succession  of  chords.  In  both  of  these  positions  in 
the  scale  we  require  to  hear  the  tonic  note,  accompanied  not  by 
any  arbitrary  chord,  but  by  the  tonic  chord  itself,  having  the  tonic 
note  itself  as  its  root.  This  was  not  the  case  even  as  late  as  the 
sixteenth  century,  as  is  seen  by  the  example  on  p.  379  taken  from 
Palestrina. 

When  the  tonic  chord  is  major,  the  domination  of  all  the  tones 
by  the  tonic  note  is  readily  reconciled  with  the  domination  of  all  the 
chords  by  the  tonic  chord,  for  as  the  piece  begins  and  ends  with 
the  tonic  chord,  it  also  begins  and  ends  at  the  same  time  with 
the  pure  unmixed  compound  tone  of  the  tonic  note.     But  when 
the  tonic  chord  is  minor,  all  these  conditions  cannot  be  so  per- 
fectly satisfied.      We  are  obliged  to  sacrifice  somewhat  of   the 
strictness  of  the  tonality  in  order  to  admit  the  minor  Third  into 
the  tonic  chord  at  the  beginning  and  end.    At  the  commencement 
of  the  eighteenth  century  we   find  Sebastian  Bach  using  minor 
chords  at  the  end  of   his   preludes,  because   these  were  merely 
introductory  pieces,  but  not  at  the  end  of  fugues,  chorales,  and 
at  other  complete  closes.    In  Handel  and  even  in  the  ecclesiastical 
pieces  of  Mozart,  the  close  in  a  minor  chord  is  used  alternately  with 
the  close  in  a  chord  without  any  Third,  or  with  the  major  Third. 
And  the  two  last  composers  cannot  be  accused  of  external  imita- 
tion of  old  habits,  for  we  find  that  in  these  usages  they  always 
observe  the  expression  of  the  piece.     When  at  the  close  of  a 
composition  in  the  minor  mode,  a  major  chord  is  introduced,  it 
has  the  effect  of  a  sudden  and  unexpected  brightening  up  of  the  sad- 
ness of  the  minor  key ;  producing  a  cheering,  enlightening,  and 
reconciling  effect  after  the  sorrow,  grief,  or  imquiet  of  the  minor. 
Thus  a  close  in  the  major  suits  the  prayer  for  the  peace  of  the 
departed  in  the  words,  '  et  lux  perpetua  luceat  eis,'  or  the  con- 
clusion of  the  Confutatis  maledictis,  which  runs  thus : — 

Oro  Bupplex  et  acclinis 
Cor  contritum  quasi  einis 
Gere  curam  mei  finis. 
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But  such  a  closing  major  chord  is  certainly  somewhat  startling 
for  our.  present  musical  feeling,  even  though  its  introduction 
may,  at  one  time,  add  wondrous  beauty  and  solemnity,  or,  at 
another,  dart  like  a  beam  of  hope  into  the  gloom  of  deepest 
despair.  If  the  unquiet  remains  to  the  last,  as  in  the  Dies 
irae  of  Mozart's  'Eequiem,'  the  minor  chord,  in  which  an  im- 
resolved  disturbance  exists,  forms  a  fitting  close.  Mozart  was 
wont  to  terminate  ecclesiastical  pieces  of  a  less  decided  character 
with  a  chord  that  had  no  Third.  There  are  many  similar  examples 
in  HandeL  Hence  although  both  masters  stood  on  the  very  same 
platform  as  modem  musical  feeling,  and  themselves  gave,  as  it 
were,  the  finishing  touch  to  the  construction  of  the  modem  tonal 
system,  they  were  not  altogether  strangers  to  the  feeling  which 
had  prevented  older  musicians  from  using  the  minor  third  of 
the  tonic  in  the  final  chord.  They  followed  no  strict  rule,  how- 
ever, but  acted  according  to  the  expression  and  character  of  the 
piece  and  the  sense  of  the  words  with  which  they  had  to  close. 

Those  tonal  modes  which  furnish  the  greatest  number  of 
consonant  chords  related  to  one  another  or  to  the  common  chord, 
are  best  adapted  for  artistically  connected  harmonies.  Since  all 
consonant  chords,  when  reduced  to  their  closest  position  and 
simplest  form,  are  triads  consisting  of  a  major  and  a  minor  Third, 
all  the  consonant  chords  of  any  key  can  be  found  by  simply 
arranging  them  in  order  of  Thirds,  as  in  the  following  tables. 
The  braces  above  and  below  connect  the  chords  together.  The 
ordinary  round  braces,  which  are  placed  above  point  out  minor 
chords;  the  square  braces  below  indicate  major  chords.  The  tonic 
chord  is  printed  in  thick  letters. 


1)  Major  mode 


2)  Mode  of  the  Fourth 


3)  Mode  of  the  minor  Seventh 
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4)  Mode  of  the  mtnok  Third 


5)  Mode  of  the  minor  Sixth 

6b  —  c?t>  —  /  —  ^b  —  c  —  *b  —  g  —  ^b 


! I 


I 


In  this  arrangement  I  have  introduced  the  different  intonations 
of  the  Second  and  Seventh  of  the  key,  which  we  found  in  the  con- 
struction of  the  scales  for  homophonic  music.^  But  we  observe 
that  the  chords  directly  related  to  the  tonic  chord  contain  every 
tone  in  the  scale,  excepting  in  the  mode  of  the  minor  Sixth.  The 
Second  and  Seventh  of  the  tonic  occur  first  in  the  chord  of  6, 
which  is  directly  related  to  the  tonic  chord,  and  next  in  the  chord 
of  -F,  which  is  not  directly  connected  with  the  tonic  chord.  The 
supplementary  tones  of  the  scale  which  are  related  to  the  dominant 
thus  acquire  in  harmonic  music  an  important  preponderance  over 
those  related  to  the  subdominant.     We  must  necessarily  prefer 

'  [These  scales  differ  from  those  transcribed  in  p.  453  note,  only  in  the  addition  of 
the  secondary  forms  of  intercalary  tones,  \df  bb  t  or  fbb  t  which,  in  fact,  imply  modula- 
tions into  adjacent  modes,  or  else  give  a  doable  and  ambiguous  character  to  each 
mode.  Thus  (1)  has  !^d,  and  hence  A  mipimi,  No.  52  (of  App.  XIX.,  Table  lU.,  C),  in 
addition  to  its  own  mode ;  (2,  3,  4)  have  6  b »  fd,  and  hence  (2)  has  the  complete  scale  of 
F  major,  as  well  as  the  mode  of  the  Fourth  of  C;  (3)  has  F  mapami,  No.  81  (ibid), 
as  weU  as  its  own  mode,  and  (4)  has  F  mapimi  No.  45  (ibid),  as  weU  as  its  own  mode ; 
(5)  by  the  addition  of  f^b  has  fAb  major  in  addition  to  its  own  mode.  This  double 
modality  is  shewn  as  follows,  the  upper  braces  referring  to  the  names  in  the  text: — 

1) 


2) 


3) 


*) 


:d — /  +a  —  c  +  «  —  g  ■¥  b  - 

'-It 

A  mipimi 

— —                    •* 

bb 

V 

+  \d  —  /  +  a  —  c  +  e  —  g  — 
F  map4niA,  or  nug'or 

fib   +  d 

6b 

+  id  —y  +  a  —  c  —  feb   +  g- 

-  fib   +  d' 

F  mapami 

bb    + 

Xd—f—^ab  +c  — t«b   +^ 

—  t^b   +  d" 

F  mapimi 

5)          bb  — db  +/— tab   +  c  —  t«b   +y  — fib 
> — , ^ / 

"fAb  mapama,  or  nu^'or.  — Trandator.l 
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direct  to  indirect  relations  for  determining  scalar  degrees.  Hence 
by  confining  ourselves  to  the  chords  which  are  directly  related  to 
the  tonic  chord,  we  obtain  the  following  arrangement  of  the  tonal 
modes  * : — 

1)  Major  mode 


/—  a  —  c  —  e—  g  —  fe  —  d 

II  II  I 


2)  Mode  of  the  Fourth 


3)  Mode  of  the  minor  Seventh 


4)  Mode  of  the  minor  Third 


5)  Mode  of  the  minor  Sixth 


d\}  —f  —  a  b  —  c  —  eb  —  g  —  6b- 

I II I 

A  glance  at  this  table  shews  that  the  rnajor  mode  and  mode 
of  the  minor  Third  {minor  mode)  possess  the  most  complete 
and  connected  series  of  chords,  so  that  these  two  are  decidedly 
superior  to  the  rest  for  harmonic  purposes.  This  is  also  the  reason 
wliich  led  to  the  preference  given  to  them  in  modem  music. 

>  [The  transcription  in  p.  453,  note,  will  snflftce  for  the  first  four  of  these  cases 
also.  The  Bettlement  in  the  text  avoids  the  double  modality  alluded  to  on  the  last 
page,  note,  and  fixes  the  modes  in  the  meanings  of 

(1)  C  mapama,  No.  3  of  Table  III.,  C.  App.  XIX. 

(2)  Cmapami,  No.  31  „  » 

(3)  C  roapLQii,  No.  45  „  tt 

(4)  C  mipimi,  No.  52  „  ,t 

(5)  t-^bmatama,  No.  4  „  «• 

The  last  is  db  +  /—  fab  +  c  —  feb  +  ff—^bb,  but  begins  with  e.  The  proper 
and  peculiar  form  of  the  mode  of  the  minor  Sixth  of  C,  on  the  other  hand,  seems 
assumed  by  the  composers  to  be  F  mimipi.  No.  64,  or  ib  —  <^b  +  / —  f«b  +  c  — 
'\eb  •¥  g,  beginning,  therefore,  with  C.  But  where  all  notation  has  hitherto  been 
tempered,  bo  that  ib  and  f^b  are  not  distinguished,  great  ambiguity  necessarily 
prevaibJ. —  Tramlator.^ 
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And  in  this  way  we  obtain  a  final  settlement  of  the  proper  in- 
tonation of  the  supplementary  tones  of  the  scale  for  the  first  four 
modes.  Hauptmann,  with  whom  I  agree,  considers  the  tone  D 
alone  to  be  the  essential  constituent  of  both  the  major  and  minor 
modes  of  (7.  This  D  forms  an  imperfect  (Pythagorean)  minor 
Third  with  F^  so  that  the  chord  D  —  F —  A  must  be  considered  as 
dissonant.  This  chord  thus  intoned  is  in  reality  most  decidedly 
dissonant  to  the  ear.  On  the  other  hand,  Hauptmann  admits  a 
major  mode  which  inclines  to  the  subdominant,  and  uses  D  in 
place  of  D.  I  consider  this  conception  to  be  a  very  happy  expres- 
sion of  the  real  state  of  things.  When  the  consonant  chord 
J)  —  F  —  A  occurs  in  any  composition  it  is  impossible  to  return 
immediately,  without  any  transitional  tone,  to  the  tonic  chord 
C — S — 0.  The  result  would  be  felt  as  an  harmonic  leap  without 
adequate  notice.  Hence  it  is  a  correct  expression  of  the  state  of 
affairs  to  look  upon  the  use  of  this  chord  as  the  beginning 
of  a  modulation  beyond  the  boundaries  of  the  key  of  C  major, 
that  is,  beyond  the  limits  of  direct  relationship  to  its  tonic 
chord.  In  the  minor  mode  this  would  correspond  to  a  modulation 
into  the  chord  of  t)\^ — F —  A\}.  Of  course  in  the  modem  tempered 
intonation  the  consonant  chord  2)  —  F — A  is  not  distinguished 
from  the  dissonant  D — F — ,4,  and  hence  the  feeling  of  musicians 
has  not  been  sufficiently  cultivated  to  make  them  appreciate  this 
difference  on  which  Hauptmann  insists.* 

As  regards  the  other  supplementary  tone  5b,  which  may  occur 
in  the  chords  S^  — g — h)}  and  g—  h\}  —  d%  I  have  already  shewn  in 
the  last  chapter  that  even  in  homophonic  music  it  is  almost  always 
replaced  by  h.  Harmonic  considerations  likewise  favour  the  use  of 
^5  independently  of  melodic  progression.  It  has  been  already 
shewn  that  when  the  two  tones  of  the  scale  which  are  but  distantly 
related  to  the  tonic,  make  their  appearance  as  constituents  of  the 
dominant,  they  enter  into  close  relation  to  the  tonic.  Now  this 
can  only  be  the  case  with  the  compound  tones  of  the  major  chord 
g — h  —  d,  and  not  with  those  of  the  minor  chord  g — h\} — d.  Con- 
sidered independently,  the  tones  5b  and  d  are  quite  as  closely 
related  to  c  as  the  tones  h  and  rf.  But  by  regarding  the  two  latter 
as  constituents  of  the  compound  tone  gr,  we  connect  them  with  c  by 
the  same  closeness  of  relationship  as  ^  is  itself  connected  with  c. 

'  [ThiB  was  referred  to  in  p.  456,  note  1. —  TransUitor.'] 
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Hence,  in  all  modem  music,  wherever  ^  might  occur  as  a  coDst 
tuent  of  the  dominant  chord  of  the  key  of  e  minor,  or  of  son 
dissonant  chord  replacing  the  dominant  chord,  it  is  usual  1 
change  it  into  b,  and  otherwise  to  use  either  l^^  or  h  according  t 
the  melodic  progression,  but  more  frequently  the  latter,  as  I  hai 
already  remarked  when  treating  of  the  construction  of  min^ 
scales.  It  is  this  systematic  use  of  the  major  Seventh  h  in  phu 
of  the  minor  Seventh  l\^  of  the  key  which  no*v  distinguishes  tl 
modem  minor  mode  from  the  ancient  Hypodoric,  or  the  mode  < 
the  minor  Third.  Here  again,  then,  some  part  of  the  consifften< 
of  the  scale  is  sacrificed  to  make  the  harmony  more  consistent. 

The  chain  of  consonant  chords  in  the  mode  of  the  min< 
Third  is  certainly  impaired  when  that  mode  is  transformed  int 
our  minor  by  the  introducticm  of  h.     In  place  of  the  chain 


our  minor  furnishes  onlv 

/— «t>— e— cp— g — h — d 


which  has  one  triad  less.     But  this  is  compensated  Ijy  the  frf. 
alternation  of  both  tones. 

The  introduction  of  the  leading  note  h  into  the  key  of  c  mine 
generated  a  new  difficulty  in  the  complete  closing  ca^lenee  of  thi 
key.  When  the  chord  <7— 6— d  is  followed  by  the  chord  c — ^— ; 
the  first  being  a  perfectly  harmonious  major  chord,  and  the  lalU 
an  obsciurely  harmonious  minor  chord,  the  defect  in  the  hai 
moniousness  of  the  latter  is  made  much  more  evirJent  by  th 
contrast.  But  it  is  precisely  in  the  final  chord  tliat  fieif^^rt  (u,i 
sonance  is  essential  to  satisfy  the  feeling  of  the  hearer,  ll^mt. 
this  close  could  not  become  satisfactory  until  the  chord  of  t  h 
dominant  Seventh  had  been  invented,  which  changerl  the  d/>miriar 
consonance  into  a  dii>sonance. 

The  preceding  explanation  shewf»  tliat  when  we  try  to  inntitiif 
a  close  connection  among  all  the  chonk  peculiar  U}  sl  ra^Kle  i/f  ih 
same  kind  as  the  clo^e  connection  among  the  Umen  of  the  K^ali 
(that  is,  when  we  require  all  the  cons^^nant  tria/h$  in  the  harrrioni 
tissue  to  be  related  to  one  of  their  mmiVjer,  the  t/mic  tria/1,  ifi 
manner  analogous  to  that  in  which   the  not/rs  of  the  h'^U-  ai 


464  HARMONIC  DIFl'ERENCE  Part  IIL 

related  to  one  of  their  number,  the  tonic  tone),  there  are  only 
two  tonal  modes,  the  major  and  minoi*,  which  properly  satisfy 
such  conditions  of  related  tones  and  related  chords. 

The  Tnajor  mode  fulfils  the  two  conditions  of  chordal  relation* 
ship  and  tonal  relationship  in  the  most  perfect  manner.  It  has 
five  triads  which  are  immediately  related  to  the  tonic  chord 

/— (J— c  — §  — g  — ft  — d 

I ^^1 !l ^1 

Its  harmonisation  can  be  so  conducted,  (indeed,  in  popular  pieces 
which  must  be  readily  intelligible,  it  is  so  conducted,)  that  all 
tones  appear  as  constituents  of  the  three  major  chords  of  the 
system,  those  of  the  tonic,  dominant,  and  subdominant.  These 
major  chords,  when  their  roots  lie  low,  appear  to  the  ear  as  rein- 
forcements of  the  compound  tones  of  the  tonic,  dominant,  and 
subdominant,  which  tones  are  themselves  connected  by  the  closest 
possible  relationship  of  Fifths.  Hence  in  this  mode  everything 
can  be  reduced  to  the  closest  musical  relationship  in  existence. 
And  since  the  tonic  chord  in  this  case  represents  the  compound 
tone  of  the  tonic  immediately  and  completely,  the  two  conditions 
— predominance  of  the  tonic  tone  and  of  the  tonic  chord — go 
hand  in  hand,  without  the  possibility  of  any  contradiction,  or  the 
necessity  of  making  any  changes  in  the  scale. 

The  major  mode  has,  therefore,  the  character  of  possessing 
the  most  complete  melodic  and  harmonic  consistency,  combined 
with  the  greatest  simplicity  and  clearness  in  all  its  relations. 
Moreover,  its  predominant  chords  being  major,  are  distinguished 
by  full,  unobscured  harmoniousness,  when  such  positions  are 
selected  for  them  as  do  not  introduce  inappropriate  combinational 
tones. 

The  major  scale  is  purely  diatonic,  and  possesses  the  ascending 
leading  note  of  the  major  Seventh,  whence  it  results  that  the  tone 
most  distantly  related  to  the  tonic  is  brought  into  closest  melodic 
connection  with  it. 

The  three  predominant  major  chords  furnish  tones  sufficient  to 
produce  two  minor  chords,  which  are  closely  related  to  them,  and 
can  be  employed  to  diversify  the  succession  of  minor  chords. 

Tlie  minor  mode  is  in  many  respects  inferior  to  the  major.  The 
chain  of  chords  for  its  modern  form  is — 
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/—  d\} — c  —  «b  — g  —  b  —  d 

I I         I ^1 

Minor  chords  do  not  represent  the  compound  tone  of  their  root 
as  well  as  the  major  chords ;  their  Third,  indeed,  does  not  form 
any  part  of  this  compound  tone.  The  dominant  chord  is  the  only 
major  chord,^  and  it  contains  the  two  supplementary  tones  of  the 
scale.  Hence  when  these  appear  as  constituents  of  the  dominant 
triad,  and  therefore  of  the  compound  tone  of  the  dominant,  they 
are  connected  with  the  tonic  by  the  close  relationship  of  Fifths.  On 
the  other  hand,  the  tonic  and  subdominant  triads  do  not  simply 
represent  the  compound  tones  of  the  tonic  and  subdominant  notes, 
but  are  accompanied  by  Thirds  which  cannot  be  reduced  to  the 
close  relationship  of  Fifths.  The  tones  of  the  minor  scale  can 
therefore  not  be  harmonised  in  such  a  way  as  to  link  them  with 
the  tonic  note  by  so  close  a  relationship  as  in  the  major  mode. 

The  conditions  of  tonality  cannot  be  so  simply  reconciled  with 
the  predominance  of  the  tonic  chord  as  in  the  major  mode.  When 
a  piece  concludes  with  a  minor  chord,  we  hear,  in  addition  to  the 
compound  tone  of  the  tonic  note,  a  second  compound  tone  which 
is  not  a  constituent  of  the  first.  This  accounts  for  the  long 
hesitation  of  musical  composers  respecting  the  admissibility  of  a 
minor  chord  in  the  close. 

The  predominant  minor  chords  have  not  the  clearness  and  un- 
obsciu-ed  harmoniousness  of  the  major  chords,  because  they  are 
accompanied  by  combinational  tones  which  do  not  fit  into  the 
chord. 

The  minor  scale  contains  an  interval  d\}  —  6,  which  exceeds  a 
whole  tone  in  the  diatonic  scale,  and  answers  to  the  numerical 
ratio  75  :  64.*    To  make  the  minor  scale  melodic  it  must  have  a 

*  [That  is,  among  the  characteristic  chords.  The  two  minor  chords,  as  is  shewn 
in  the  text,  contain  the  tones  of  one  major  chord,  fab  +  e  —  f^b. — IVanslator.'] 

'  [The  interval  is  so  strange,  when  unaccompanied,  that  if  it  had  to  be  taken 
merely  as  an  intfrval,  f^b  —  &,  a  singer  would  probably  fail.  But  the  fab  is  taken 
as  the  minor  Third  of  /  with  ease,  and  the  b  is  taken  as  the  leading  note  to  c',  with 
equal  ease,  so  that  the  perfectly  unmelodic  and  inharmonic  interval  f^b  —  b  never 
comes  into  consideration  at  all.  To  get  rid  of  it,  the  subdominant  is  often  taken  major, 
producing  the  chords  of  C  mapima,  No.  17,  Appendix  XIX.,  Table  III.,  C,  which 
makes  the  scale  e  —  d  —  feb  —/ — g — a — b — c',  and  this  differs  from  the  major  only 
by  having  f^b  in  place  of  e.  In  many  pianoforte  instruction  books  this  is  given  as 
the  only  form  of  the  ascending  minor.  Mr.  Curwen  (*  Standard  Course,*  p.  86)  says 
that  this  major  Sixth  '  ascending  is  very  difficult  to  sing.'  and  '  has  a  hard  and  by  no 

H  H 
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different  form  in  descending  from  what  it  has  in  ascending,  as 
mentioned  in  the  last  chapter. 

The  minor  mode,  therefore,  has  no  such  simple,  clear,  intelligible 
consistency  as  the  major  mode ;  it  has  arisen,  as  it  were,  from  a 
compromise  between  the  different  conditions  of  the  laws  of  tonality 
and  the  interlinking  of  harmonies.  Hence  it  is  also  much  more 
variable,  much  more  inclined  to  modulating  into  other  modes. 

This  assertion  that  the  minor  system  is  much  less  consistent 
than  the  major,  will  be  combated  by  many  modem  musicians,  just 
as  they  have  contested  the  assertion  already  made  by  me,  and  by 
other  physicists  before  me,  that  minor  triads  are  generally  inferior 
in  harmoniousness  to  major  triads.  There  are  many  eager  assur- 
ances of  the  contrary  in  recent  books  on  the  theory  of  harmony. 
But  the  history  of  music,  the  extremely  slow  and  careful  develop- 
ment of  the  minor  system  in  the  sixteenth  and  seventeenth 
centuries,  the  guarded  use  of  the  minor  close  by  Handel,  the 
partial  avoidance  of  a  minor  close  even  by  Mozart, — all  these  seem 
to  leave  no  doubt  that  the  artistic  feeling  of  the  great  composers 
agreed  with  our  conclusions.  To  this  must  be  added  the  varied  use 
of  the  major  and  minor  Seventh,  and  the  major  and  minor  Sixth  of 
the  scale,  the  modulations  rapidly  introduced  and  rapidly  changing, 
and  finally,  but  very  decisively,  popular  custom.  Popular  melodies 
can  contain  none  but  clear  transparent  relations.  Look  through  col- 
lections of  songs  now  preferred  by  those  classes  among  the  western 
nations  which  have  often  an  opportunity  of  hearing  harmonic  music, 
as  students,  soldiers,  artisans.  There  are  scarcely  two  or  three  per 
cent,  in  minor  keys,  and  those  are  mostly  old  popular  songs  which 
have  descended  from  the  times  of  homophonic  music.  It  is  also 
characteristic  that,  as  I  have  been  assured  by  an  experienced 
teacher  of  singing,  pupils  of  only  moderate  musical  talent  have 
much  more  difficulty  in  hitting  the  minor  than  the  major  Third. 

But  I  am  by  no  means  of  opinion  that  this  character  depre- 
ciates the  minor  system.  The  major  mode  is  well  suited  for  all 
frames  of  mind  which  are  completely  formed  and  clearly  under- 
stood, for  strong  resolve,  and  for  soft    and  gentle  or  even  for 

means  pleasant  effect^'  and  points  out  that  it  leads  singers  to  forget  the  key,  and  in 
such  a  phrase  as^  —  a  —  b  —  c'  —  tP  —  f^b ,  the  pupils  wiU  sing  ^  instead  of 
fe^b ;  and  even  in  singing  such  a  passage  as  g — a  —  b — c* — g,  instead  of  filling  upon 
the  same  note  with  whidi  they  began,  will  take  e',  the  major  third  of  e^,  Henoe  the 
difficulty  is  not  avoided  but  increased  by  introducing  the  ambiguity  of  the  mi^jorkey, 
into  which  this  is  a  real  modulation  from  g  onwards. — IVansiator.] 
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sorrowiug  feelings,  when  the  sorrow  has  passed  into  the  condition 
of  dreamy  and  yielding  regret.  But  it  is  quite  unsuited  for  in- 
distinct, obscure,  unformed  frames  of  mind,  or  for  the  expression 
of  the  dismal,  the  dreary,  the  enigmatic,  the  mysterious,  the  rude, 
and  whatever  offends  against  artistic  beauty ; — and  it  is  precisely 
for  these  that  we  require  the  minor  mode,  with  its  veiled  harmoni- 
ousness,  its  changeable  scale,  its  ready  modulation,  and  less 
intelligible  basis  of  construction.  The  major  mode  would  be  an 
unsuitable  form  for  such  purposes,  and  hence  the  minor  mode  has 
its  own  proper  artistic  justification  as  a  separate  system. 

The  harmonic  peculiarities  of  the  modem  keys  are  best  seen  by 
comparing  them  with  the  harmonisation  of  the  other  ancient  tonal 
modes. 

Major  Mode. 

Among  the  melodic  tonal  modes  the  Lydian  of  the  Greeks 
(the  ecclesiastical  Ionic\  in  agreement  with  our  major,  is  the  only 
one  which  has  an  ascending  leading  note  in  the  form  of  a  major 
Seventh.  The  four  others  had  originally  and  naturally  only  minor 
Sevenths,  which  even  in  the  later  periods  of  the  middle  ages  began 
to  give  place  to  major  Sevenths,  in  order  that  the  Seventh  of  the 
scale,  which  was  in  itself  so  loosely  connected  with  the  tonic, 
might  be  more  closely  united  to  it  by  becoming  the  leading  note 
to  the  tonic  at  the  close. 

Mode  of  the  Fourth. 

The  mode  of  the  Fourth  (the  Greek  Ionic,  and  ecclesiastical 
Mixolydian)  is  principally  distinguished  from  the  major  mode 
by  its  minor  Seventh.  By  merely  changing  this  into  the  major 
we  obliterate  the  difference  between  them.  When  the  tonic  is  g, 
the  tonic  chord  being  major  must  be  gr  —  6  —  rf,  and  hence  the 
chain  of  chords  in  the  unaltered  mode  must  be 


If  we  attempt  to  form  a  complete  cadence  in  this  mode,  as  in  the 
following  examples  1  and  2,  they  will  sound  dull  from  want  of  the 

•  [In  tho  Botation  of  Appendix  XIX.,  c  +  «  —  ^  +  *—  d  —  Xf  •¥  ffl. — Translator. ^ 

m  H  2 
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leading  note,  even  when  the  dominant  chord  is  extended  to  a  chord 
of  the  Seventh. 


T^    r> 


X 


^ 


/2. 


J. 


p 


X 


w 


m 

I 


Tlie  second  example,  in  which  the  leading  note  /  lies  uppermost, 
is  even  duller  than  the  first  example,  in  which  that  note  /  is  more 
concealed.  The  /  in  these  examples  has  a  very  imcertain  sound. 
It  is  not  closely  enough  related  to  the  tonic,  it  is  not  part  of  the 
compound  tone  of  the  •dominant  note  d,  it  is  not  sufficiently 
close  in  pitch  to  serve  as  a  leading  note  to  the  tonic,  and 
it  has  no  tendency  to  push  on  to  the  tonic.  Hence  when  the 
older  composers  wished  to  distinguish  pieces  written  in  the  mode 
of  the  Fourth  from  those  in  the  major  mode,  by  their  close,  they 
employed  the  imperfect  or  plagal  cadence,  as  in  example  3.  And 
as  such  a  cadence  wants  the  decisive  progression  required  for  a 
close,  the  sluggishness  previously  caused  by  the  absence  of  a 
leading  tone  ceases  to  be  striking.* 

In  the  course  of  a  piece  written  in  this  tonal  mode,  the  leading 
note  may  of  course  be  used  in  ascending  passages,  provided  the 
minor  Seventh  is  employed  often  enough  in  descending  passages. 
But  the  eflFect  of  the  mode  is  destroyed  when  an  essential  tone  of 
tlie  scale  is  changed  at  the  close.  Hence  pieces  in  the  mode  of 
the  Fourt-h  soimd  like  pieces  in  a  major  mode  which  liave  a  decided 
inclination  to  modulate  into  the  major  mode  of  the  subdominant.* 
For  reasons  already  given,  transition  to  the  subdominant  appears 
to  l>e  less  active  than  transition  to  the  dominant.  This  tonal 
mode  has  also  no  decided  progression  at  the  close,  and  the  major 
rhords,  of  which  the  tonic  is  one,  predominate  with  their  more 
<(nriplete  harmoniousness.  The  mode  of  the  Fourth  is  consequently 

^  [On  the  experimenUl  harmonium,  Appendix  XIX.,  Sect.  G,  No.  2,  it  in  necessary 
l'»  Like  /+«  —  e  -*■  e  —  ^+  fbb  —  cf  as  an  example,  and  hence  transpoM  the 
ixaniples by  playing  them  a  Fourth  higher. — Translator.] 

'  [This  inclination  seems  to  arise  from  the  tempered  confusion  of  "fc/i  ffl  with/,  a, 
so  that  the  scale  c  +  e  —  ^  +  b  —  d  —  t/'+  t<*  becomes  confused  with  its  sub- 
dominant  /+  a  —  e  +  $  — g  -f  6—  d. — Translator,] 
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as  soft  and  harmonious  as  the  major  mode,  but  it  wants  the 
powerful  forward  impetus  of  major  movement.  This  agrees  with  the 
character  assigned  to  it  by  Winterfeld.*  He  describes  the  eccle- 
siastical Ionic  (major)  mode,  as  a  scale  which,  ^  strictly  self-con- 
tained and  founded  on  the  clear  and  bright  major  triad — a 
naturally  harmonious  and  satisfactory  fusion  of  different  tones, — 
also  bears  the  stamp  of  bright  and  cheerful  satisfaction.'  On  the 
other  hand,  the  ecclesiastical  Miooolydian  (mode  of  the  Fourth)  is  a 
scale  ^  in  which  every  part  by  sound  and  movement  hastens  to  the 
source  of  its  fundamental  tone '  (that  is,  to  the  major  mode  of  its 
Bubdominant),  ^  and  this  gives  it  a  yearning  character  in  addition 
to  the  former  cheerful  satisfaction,  not  unlike  to  the  Christian 
yearning  for  regeneration  and  redemption,  and  a  return  to  primitive 
innocency,  though  softened  by  the  bliss  of  love  and  faith.' 

Mode  of  the  minor  Seventh. 

The  mode  of  the  minor  Seventh  (Greek  Phrygian,  ecclesia^^- 
tical  Doric)  has  a  minor  chord  on  cZ  as  the  tonic,  and  origiuHlly 
another  on  a  as  the  dominant,  while  it  has  a  major  chord  on  its 
subdominant  g,  and  this  last  chord  distinguishes  the  mode  from 
the  mode  of  the  minor  Third  (Eolic)  ;  thus 


"N    /^ 


g  —  b  —  d  —  f —  a  —  J  —  e  * 

I ^1     I ! 

Both  of  these  modes  of  the  minor  Seventh  and  minor  Third 
may  without  destroying  their  character  change  the  minor  Seventh 
into  a  leading  note,  and  our  minor  mode  is  a  fusion  of  both.  The 
ascending  minor  scale  belongs  to  the  mode  of  the  minor  Seventh, 
in  which  the  leading  note  is  used,  and  the  descending  to  the  mode 
of  the  minor  Third.  But  when  the  mode  of  the  minor  Seventh 
admits  the  leading  note,  its  chain  of  chords  reduces  to  the  three 
essential  chords  of  the  scale 


f  his  tonal  mode  has  all  the  character  of  a  minor,  but  tlie  transition 

'  •  Johannes  Gabrieli  und  sein  ZciUilt«r/  vol.  i.  p.  87.  J 

»  [In  the  notation  of  App.  XIX.,  g  +  b  —  d  —  ff+  frt  —  tc  +  fe,—Trandator,] 

»  [In  the  noUtion  of  App.  XIX.,  g  +6— rf  —  iZ+fa+cJ  —  ff.—  Translator.] 
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to  the  chord  of  the  subdominant  has  a  brighter  effect  than  in  the 
normal  minor, where  the  subdominant  chord  is  also  minor.  On  form- 
ing the  complete  cadence  both  dominant  and  subdominant  chords 
are  major,  while  the  tonic  remains  minor.  This  has  of  course  an 
unpleasant  effect  in  the  close,  because  it  makes  the  final  chord 
obscurer  than  either  of  the  other  two  principal  chords.  Hence  it 
is  necessary  to  introduce  strong  dissonances  into  these  two  chords, 
to  restore  the  balance.  But  if  we  follow  the  old  composers  and 
make  the  final  chord  major,  we  give  the  closing  cadence  of  this 
mode  an  unmistakably  major  character.  As  in  ecclesiastical  modes 
it  is  always  allowed  to  change  B  into  B\^  or  J5[>,  which  would  change 
the  subdominant  chord  of  the  mode  of  the  minor  Seventh  into  a 
minor  chord,  we  can  protect  the  mode  of  the  minor  Seventh  from 
confusion  with  the  major  mode  in  its  final  cadence,  but  then  again 
it  will  entirely  coincide  with  the  old  minor  cadence. 

Sebastian  Bach  introduces  the  major  Sixth  of  the  tonic,  which 
is  peculiar  to  this  tonal  mode,  into  other  chords  for  the  closing 
cadence,  and  thus  avoids  the  major  triad  on  the  subdominant.  He 
very  usually  employs  the  major  Sixth  as  the  Fifth  of  the  chord  of 
the  Seventh  on  the  Second  of  the  scale,'  as  in  the  following 
examples.  No.  1  is  the  conclusion  of  the  chorale : '  Was  mein 
Oott  wiU,  das  gescheh^  allzeit^  in  the  St.  Matthew-Passion.  No.  2 
is  the  conclusion  of  the  hymn  Veni  redemptor  gentium,  e^t  the  end 
of  the  cantata :  Schwingt  freudig  Ev^h  empor  zu  den  erhaJbenen 
Sternen.     In  both  the  tonic  is  6,  the  major  Sixth  gij^^ 

'  [Suppose,  as  in  the  text,  that  the  scale  is  ^  +  b  —  d  — t/"  +  t«  —  t^  +  t'* 
Then  b  is  the  major  Sixth,  and  fe  is  the  Second  of  the  scale.  It  is  erident,  therefore, 
that  when  S.  Bach  makes  b  the  Fifth  of  fe  he  is  thinking  in  tempered  mnsic,  and 
that  in  just  intonation  he  must  immediately  raise  b  to  "fb,  and  consequently  ff  to  fy, 
thus  modulating  into  d  —  t/  +  t^  —  t^  +  t*  —  t^  +  t^»  or  into  the  dominant  of 
the  original  mode.  But,  on  the  other  hand,  if  he  make  the  Second  f^  a  Fifth  below  b 
the  major  Sixth,  he  would  have  to  change  fe  into  e,  and  also  fc  into  c,  that  is  to  modu- 
late into  c  +  e  —  ff  +  b  —  d  —  ff  +  fa^  which  is  a  subdominant  scale.  In  feet, 
then,  the  ambiguities  of  a  temperament  which  ignores  the  difference  of  a  comma 
result  in  treating  the  one  tempered  scale  g  ■¥  b  —  d  — /  +  a  —  c  +  0,  as  the 
three  just  scales  which  can  be  constructed  from  c  +  e  —  g  +  b  —  d  —  ff  +  fa  — 
•fc  +  fe  —  ty  + 1^.  as  in  No.  3,  p.  460,  note.  Hence  the  confusion  of  a  comma  amounts 
to  an  indeterminacy  of  modulation,  which  may  be  into  dominant  or  subdominant,  and 
at  times  may  restlessly  oscillate  between  the  two  in  a  manner  very  distressing  to 
singers  who  are  not  misled  by  a  tempered  accompaniment.  On  a  justly  intoned  in- 
strument with  fixed  tones  the  same  difficulty  would  be  felt — TVanslator.'] 

*  [In  the  notation  of  Appendix  XIX.  the  tonic  is  f^,  and  the  major  Sixth  is  g% .  The 
notes  in  staff  notation  are  the  usual  tempered  notes ;  the  bracketed  letters  and  numbers 
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1.  IB.  18]   [E.  19]   [B.  18] 


introduced  above  are  sufficient  to  shov  the  precise  just  intonation  of  eveiy  note  accord- 
ing to  the  system  of  Appendix  XIX.,  Section  G,  Nos.  6  and  7.  These  letters  or  num- 
bers are  called  the  duodenal^  and  mark  the  duodene  in  which  all  the  notes  are  contained 
from  the  chord  over  which  it  is  written  to  the  chord  over  which  the  next  letter  or 
number  is  written,  according  to  the  Appendix  XIX.,  Table  VII.,  and  hence,  in  justly 
intoned  instruments,  shew  the  manual  on  which  they  have  to  be  played,  as  marked  in 
Table  VIII.    In  any  particular  case  it  is  convenient  to  extract  the  duodenes,  thus — 


F«.  17. 


fE    G8      £8 


B. 

18. 

tA 

08     £8 

K 

19. 

D 

F8      A8 

G 

B      |D8 

C 

E      tG8 

F    A      tC8 

Ebc1\  duodene  contains  the  four  lines  commencing  with  the  line  against  which  its  letter 
or  root,  and  number  in  Tables  VII.  and  VIII.,  are  placed.  The  four  lines  of  ^.  18  are 
separated  by  horizootal  lines.  For  FU.  17,  the  dominant,  the  last  of  the  four  lines  of 
B.  \%  has  to  be  omitted  and  the  line  above  added.  For  £L  19,  the  subdominant,  the 
ilist  of  the  four  lines  of  B.  18  has  to  be  omitted  and  the  line  below  added.  The  fol- 
lowing analysis  shews  the  exact  distribution  of  the  chords. 


(1) 


B.  18 


r  /»  t<» 


ft 


d" 
df' 


■1 

•t 

1 


a 
a 

3 

9 

|/8 
1/8 


Xet  ^      X<f't 

\d't  ft  \e'i 
e  Xfft    y 

e     a'8 
h' 


B 


F8 


.  18.   (^ 
i  ^8 


h 

d' 

n 

h* 

a 

d' 

ft 

6' 

Sin 

ei 

e'8 

y 

yt 

h 

e'8 

V 

h 

ct 
d' 

a 


V 
V 


1/ 

d" 


B 


I  /8  C8    ^8  K 

lt«  c'8    /8  ta' 

i  /8  ft  faf  if 

•^^•i^  fl 


'8    6' 


F8 .  17. 


(  et     gt    hf 
1/8     c'8   a' 


B 


8 
Xd't  ft 


e't 
<f't 
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2    [B.  18]  IFi;.  17] 


[B.  18]. 


There  are  many  similar  examples.  He  evidently  evades  a 
regular  close. 

Mznob-Majob  Mods. 

Modem  composers,  when  they  wish  to  insert  a  tonal  mode 
which  lies  between  Major  and  Minor,  to  be  used  for  a  few  phrases 
or  cadences,  have  generally  preferred  giving  the  minor  chord  of 
the  mode  to  the  subdominant  and  not  to  the  tonic.  Hauptmann 
calls  this  the  minor-major  mode  (MoU-Durtonart).  Its  chain  of 
chords^ii 


/ — db— c — e — g — b — d* 

I II I 


This  gives  a  leading  note  in  the  dominant  chord,  and  a  complete 
final  cadence  in  the  major  chord  of  the  tonic,  while  the  minor 
relation  of  the  subdominant  chord  remains  undisturbed.  This 
minor-major  mode  is  at  all  events  much  more  suitable  for  har- 
monisation  than  the  old  mode  of  the  minor  Seventh.  But  it  is 
unsuitable  for  homophonic  singing,  unless  in  the  ascending  scale 
d\}  is  changed  into  g,  because  the  voice  would  otherwise  have  to 
make  the  complicated  step  d\}  —  &•  The  old  modes  were  derived 
from   homophonic   singing,  for   which   the   mode   of  the  minor 

When  it  is  known  that  in  each  duodene  the  notes  in  the  same  homontal  line  aremi^or 
Thirds,  and  in  the  same  column  Fifths,  and  in  the  same  oblique  line  from  right  to  left 
upwards  minor  Thirds  to  each  other,  a  glance  at  the  duodene  perfectly  determines 
the  nature  of  the  chords  and  the  progressions  of  the  harmony.  Taking  the  three  last 
chords  in  the  first  example,  it  is  clearly  seen  that  the  first  of  them  is  C%  •!-  £|  — 
0$  I  £  or  the  dominant  Seventh,  reeoWing  <m  F^  +  A$  —  0$ ,  the  dominant  of 
the  mi\jor  chord  B  -f  XDt  —  i'^  •  with  which  the  piece  concludes,  almost  azactly  ■• 
a  piece  in  a  mi^or  scale  would  have  done. —  lVanslat4}r.] 

*  [In  the  notation  of  Appendix  XIX.,  /-fflb  +   e-f    *  —  ^   +   6  —  d, — 
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Seventh  is  perfectly  well  fitted,  as  we  know  from  its  being  still 
used  as  our  ascending  minor  scale.^ 

Mode  of  the  Minor  Sixth. 

While  the  mode  of  the  minor  Seventh  oscillates  indetermi- 
nately between  major  and  minor  without  admitting  of  any  con- 
sistent treatment,  the  mode  of  the  minor  Sixth  (Greek  Doric^ 
ecclesiastical  Phrygian)^  with  its  minor  Second,  has  a  much 
more  peculiar  character,  which  distinguishes  it  altogether  from 
all  other  modes.  This  minor  Second  stands  in  the  same  melodic 
connection  to  the  tonic  as  a  leading  note  would  do,  but  it 
requires  a  descending  progression.  Hence  for  descending  passages 
this  mode  possesses  the  same  melodic  advantages  as  the  major 
mode  does  for  ascending  passages.  «The  minor  Second  has  the 
most  distant  relationship  with  the  tonic,  due  entirely  to  the  sub- 
dominant.  The  mode  cannot  form  a  dominant  chord  without 
exceeding  its  limits.    If  we  call  e  the  tonic,  the  chain  of  chords  is 


In  this  case  the  chords  d  — / —  a  and  / —  a  —  c  are  not  directly 
related  to  the  tonic.  The  tone  /  cannot  enter  into  any  consonant 
chord  which  is  directly  related  to  the  tonic.  But  since/  is  the 
characteristic  minor  Second  of  the  mode,  such  chords  cannot  well 
be  avoided,  not  .even  in  the  cadence.  Although,  then,  there  is  a 
close  relationship  between  the  consecutive  links  of  the  chain  of 
chords,  some  of  its  indispensable  terms  are  only  distantly  related 
to  the  tonic.  Moreover,  in  the  course  of  a  piece  in  this  mode,  it 
will  always  be  necessary  to  form  the  dominant  chord  6  —  (]^  — /#,» 

'  [After  the  introduction  of  the  leading  note  to  form  a  mijor  dominant  chord. 

T)randatcr.'\ 

•  [In  the  notation  of  Appendix  XIX.,  <{  —  t/^  +  ffl  —  t<^  +  t*  ~  t^  •*-  t*  —  t*'* 
Observe  that  in  the  text  ff  (and  not  r,  the  mnjor  Third  of  e)  is  taken  as  the  tonic,  and 
obserre  that  both  d  and  \d  are  introduced. — Translator,] 

*  [In  the  notation  of  Appendix  XDL,  fb  +  dt  —  f/t .  The  introduction  of  this 
chord  shews  that  the  composer  is  writing  in  the  key  of  "^e,  but  has  a  prevailing  ten- 
dency to  moduhite  into  the  subdominant,  from  which  d,  ]f  are  chosen.  When  fd  is 
used  for  d,  or  f/t  for  f/i  the  moduUtion  into  the  subdominant  does  not  take  place. 
The  major  chord  fG+fB  —  fZ)  is  entirely  adventitious.  If  it  is  used  in  ascending, 
thus,  in  the  notation  of  Appendix  XIX.,  fe  .  t/...  t^  ..  fa  ...  fb  .  fa* ...  fdf ..  V 
rhe  result  is  the  scale  of  f  C  matama,  No.  4,  of  Table  III.,  C,  in  that  Appendix.—  Trans- 
fafor.] 
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although  it  contains  two  tones  foreign  to  the  original  mode,  as 
otherwise  we  could  not  prevent  the  prevalence  of  the  impression 
that  a  is  the  tonic  and  a  —  6  —  e  the  tonic  chord.  It  follows, 
therefore,  that  the  mode  of  the  minor  Sixth  must  be  still  less 
consistent  in  its  harmonisation  and  still  more  loosely  con- 
nected than  the  minor  mode,  although  it  admits  of  very  con- 
sistent melodic  treatment.  It  contains  three  essential  minor 
chords,  namely  the  tonic  e — g  —  6,  the  subdominant  a — d — ^ 
and  the  chord  which  contains  the  two  tones  slightly  related  to  the 
tonic  d — / — a.  It  is  exactly  the  reverse  of  the  major  mode, 
for  whereas  that  mode  proceeds  towards  the  dominant,  this  mode 
proceeds  towards  the  subdominant. 

Major :  /  —  a    —  c  —  $  —  g  —  h  —  d 

Mode  of  I  I  I 

minor  Sixth  :    6[>  —  cl\}  — /  —  a\}  —  c  —  ©b  —  g  * 

For  harmonisation  the  difference  of  the  two  cases  is,  first,  that 
the  related  tones  introduced  into  the  scale  by  the  subdominant/, 
namely  b\^  and  d\^  are  not  partials  to  the  compound  tone  of  the 
subdominant,  whereas  tones  b  and  d,  which  are  introduced  by  the 
dominant,  are  some  of  the  partials  of  the  tonic ;  and,  secondly, 
that  the  tonic  chord  always  lies  on  the  dominant  side  of  the  tonic 
tone.  Hence  in  the  harmonic  connection,  the  tones  &[>  and  d\^ 
cannot  be  so  closely  united  with  either  the  tonic  tone  or  the  tonic 
chord,  as  is  the  case  with  the  supplementary  tones  introduced  by 
the  dominant.  This  gives  the  mode  of  the  minor  Sixth,  when 
harmonised,  a  kind  of  exaggerated  minor  character.  Its  tones 
and  chords  are  certainly  connected,  but  much  less  clearly  and 
intelligibly  than  those  of  the  minor  system.  The  chords  which 
can  be  brought  together  in  this  key,  without  obscuring  reference 
to  6  as  the  tonic,  are  d  minor  and  /  major  on  the  one  hand  and  6 
major  on  the  other,  chords  which  in  the  major  system  could  not 

*  [In  the  notation  of  Appendix  XIX., 

/+  a  — c+  €  —  g  *  b  ^  d 
6b  —  rfb  +  /  -  fflb  +  c  —  t«b  •¥  g. 
Obeerre  here  that  t^b*  which  Bhoold  form  the  last  term  aooording  to  the  former 
Bcheme,  ia  omitted.  See  No.  5,  p.  461.  In  the  n^jor  mode  there  ie  formed  one  chord 
a  Fifth  aboye^  and  another  a  Fifth  below  the  tonic  Whereas  in  the  mode  of  the 
minor  Sixth,  no  chord  is  formed  on  the  Fifth  above.  A  more  complete  analogy  is 
obtained  by  comparing  G  p4mama  (of  Appendix  XIX.,  Table  III.,  C,  No.  1)  with  F 
mimipi  {ibid.  No.  64)  thus — 

c+     e      -g-i-b-'d-^/t^fa 
fcb  -  rfb  +  /  -  fflb   +  c  -  frb   +  g.  Transiator.] 
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be  brought  together  without  extraordinary  modulational  appli- 
ances.' The  esthetieal  character  of  the  mode  of  the  minor  Sixth 
corresponds  with  this  fact.  It  is  well  suited  for  the  expression  of 
dark  mystery,  or  of  deepest  depression,  and  an  utter  lapse  into 
melancholy,  in  which  it  is  impossible  to  collect  one's  thoughts. 
On  the  other  hand,  as  its  descending  leading  note  gives  it  a 
certain  amount  of  energy  in  descent-,  it  is  able  to  express  earnest 
and  majestic  solemnity,  to  which  the  concurrence  of  those  major 
chords  which  are  so  strangely  connected  gives  a  kind  of  peculiar 
magnificence  and  wondrous  richness. 

Notwithstanding  that  the  mode  of  the  minor  Sixth  has  been 
rejected  from  modem  musical  theory,  much  more  distinct  traces 
of  its  existence  have  been  left  in  musical  practice  than  of  any 
other  ancient  mode ;  for  the  mode  of  the  Fourth  has  been  fused 
into  the  major,  and  the  mode  of  the  minor  Seventh  into  the 
minor.  Certainly  a  mode  like  that  we  have  described  is  not 
suitable  for  frequent  use ;  it  is  not  closely  enough  connected  for 
long  pieces,  but  its  peculiar  power  of  expression  cannot  be  replaced 
by  that  of  any  other  mode.  Its  occiurrence  is  generally  marked 
by  its  peculiar  final  cadence  which  starts  from  the  minor  Second 
in  the  root.  In  Handel  the  natural  cadence  of  this  system  is 
used  with  great  effect.  Thus  in  the  Meaaiah^  the  magnificent 
fugue  And  with  his  stripes  we  are  healed^  which  has  the  signa- 
ture of  F  minor,  but  by  its  frequent  use  of  the  harmony  of  the 
dominant  Seventh  on  (7,  shews  that  C  is  the  real  tonic,  introduces 
the  pure  Doric  cadence  as  follows  :  * 


[F.  12] 


»  [This,  in  fact,  lengtlienfl  the  original  chain  of  chords  into  rf  —  t^  +  t«  ^  t«  4- 
ie  "  "fg  •¥  \h  -^  d%   —  1/8 ,  and  leads  to  the  treatment  of  the  mode  as  merely  ^E 
minor,  with  a  tendency  to  modulate  into  \A  minor.    The  \E  miner  is,  howerer,  the 
modem  minor  t^  mipima  (Appendix  XIX  ,  Tahle  III.,  C,  No.  24),  and  the  \A  minor 
U  iA  mipimi  (ibid^  No.  62),  which  is  much  more  gloomy. — Translator,^ 

'  [The  cadence  is  produced  bypassing  from  the  minor  subdominantJ^b  ^  Db  +  F 
to  the  major  dominant,  C  +  K  -  G/\n  the  key  of  F  minor.     This  is  the  concluding 


476 


EEMNANTS  OF  THE  OLD  TONAL  MODES. 


Pabt  IIL 


Similarly  in  Samison^  the  chorus,  Htar^  Jacob^a  Godj  which, 
written  in  the  Doric  mode  of  E^  finely  characterises  the  earnest 
prayer  of  the  anxious  Israelites  as  contrasted  with  the  noisy 
sacrificial  songs  of  the  Philistines  in  0  major,  which  immediately 
follow.     The  cadence  here  also  is  purely  Doric* 

[^.  20] 


^mM^^ 


7 
thy 


32: 


[123466  6  7 

Ke-^eemi  re  -  deem,  re  -  deem,       O        Lord, 


8 
peop 


le. 


The  chorus  of  Israelites  which  introduces  the  third  part:  In 
Thunder  come,  0  Ood,  from  heaven !  and  is  chiefly  in  A  minor, 
has  likely  an  intermediate  Doric  section. 

Sebastian  Bach  also,  in  the  chorales  which  he  has  harmonised, 

cadence  of  the  whole  fugue,  and  for  this  reason  apparently,  the  signature  in  Noyello'a 
edition  is  that  of  C  minor,  not  of  F  minor,  and  the  db  is  marked  as  an  accidental 
throughout.  That  is,  Novello  takes  the  key  to  be  C7  minor  with  a  constant  tendency 
to  modulate  into  the  key  of  the  subdominant,  from  which  it  borrows  the  chord  B\>  — 
Db  -¥  F.  But  the  fugue  begins  with  F  — /in  the  bass,  and  the  opening  subject,  in 
the  treble,  is  c",  ffl'b ,  rf^'b ,  efy  /',  ^,  fa'b ,  ib,  <?,  which  is  clearly  in  the  scale  of  F 
minor,  with  the  chordal  system  bb  ^  db  +/—  t^b  +c  +  «  —  y,  of  which  it  con* 
tains  every  note.  To  shew  the  different  harmonic  views  taken,  I  may  mention  that 
in  the  Tonic  Solfa  edition,  the  key  is  given  as  ^b  ^  (moaning  "fAb  y  the  major  key  of 
which  F  is  the  relative  minor,)  and  on  the  last  c  mentioned  above  the  key  is  changed 
to  Eb  (meaning  f^b ,  the  major  key  of  which  C  is  the  relative  minor),  between 
which  keys  the  music  is  made  to  change  constantly,  but  that  the  conclusion  is  placed 
in  t^b  miyor  (that  is,  F  minor),  the  last  chord  being  the  major  dominant  It  is 
evident  that  to  modem  ears  the  tonality  is  not  fully  marked.  In  the  text  the  bracketed 
[F,  12]  shews  the  duodene  in  Appendix  XIX.,  Tables  VIL  and  VIIL,  which  contains  all 
the  tones  in  the  passage.  The  whole  fugue  oscillates  between  the  duodenes  C  11 
and  F,  \2.—Tran8lator,'\ 

>  [The  duodene  is  A,  20,  in  Appendix  XIX.,  Tables  VIL  and  VIII.  The  luceefision 
of  chords,  each  reduced  to  the  simplest  form,  as  referred  to  by  the  bracketed  figures  below 
the  notes,  is  1.  «  -  ^  +  6,  2.  a  -  c  +  «,  3.  «  -  ^  +  6,  4./  +  a  -  c,  6.  Jrf  -/  +  a, 
6.  «  +  %g%  —  i,  7.  «  ~  <?  +  ^  8-  «  +  gt  —  *•  Hence,  assuming  the  scale  to  have 
the  chordal  system  {d— /+a  —  <?  +  «  —  ^  +  6,  with  0  —  y  +  6  as  the  tonic  chord, 
taken  major  as  «  +  ^gt  —  bin  the  close,  wo  have  the  '  Doric  cadence '  between  chords 
6  &  6,  which  is  then  lengthened  by  introducing  the  remaining  tones  of  the  key  in  7, 
the  whole  closing  as  in  8.  It  would  be  most  probably  received  as  in  A  minor,  dosing 
in  the  dominant. — Translator.] 
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has  left  them  in  the  mode  of  the  minor  Sixth,  to  which  they 
melodically  belonged,  whenever  the  text  requires  a  deeply  sorrowful 
expression,  as  in  the  De  Profundis  or  the  Aus  tiefer  Noth  schreV  ich 
zu  di/Tj  and  again  in  Paul  Gerhardt's  song,  Wenn  ich  einmcU  soU 
scheiden,  €0  acheide  nicht  von  mir.  But  he  has  harmonised  the 
same  melody  arranged  for  other  texts,  as  Bejiehl  Du  deine  Wege^ 
and  0  Haupt  von  Blut  und  Wunden^  &c.,  as  major  or  minor,  in 
which  case  the  melody  ends  on  the  Third  or  Fifth  of  the  key, 
instead  of  on  the  Doric  tonic 

Fortlage  *  had  already  observed  that  Mozart  had  applied  the 
Doric  mode  in  Pamina's  air  in  the  second  act  of  II  Flavto  Magico, 
One  of  the  finest  examples  for  the  contrast  between  this  and  the 
major  mode  occurs  in  the  same  composer's  Don  Oiovcmni,  in  the 
Sestette  of  the  second  act  (No.  21),  where  Ottavio  and  Donna  Anna 
enter.     Ottavio  sings  the  comforting  words — 

Tergi  il  ciglio,  o  yita  mia, 
E  d4  calma  al  tao  doloro 

in  D  major,  which,  however,  is  peculiarly  coloured  by  a  preponder- 
ating, although  not  uninterrupted,  inclination  to  the  subdominant, 
as  in  the  mode  of  the  Fourth.  Then  Anna,  who  is  plunged  in 
grief,  begins  in  perfectly  similar  melodical  phrases,  and  with  a 
similar  accompaniment,  and  after  a  short  modulation  through  D 
minor,  establishes  herself  in  the  mode  of  the  minor  Sixth  for  (7, 
with  the  words — 

Sol  la  morte,  o  mio  tesoro, 
II  mio  pianto  pa6  finir. 

Tlie  contrast  between  gentle  emotion  and  crushing  grief  is  here 
represented  with  a  most  wonderfully  beautiful  effect,  principally 
by  the  change  of  mode.  The  dying  Commandant,  in  the  introduc- 
tion to  Don  Oiovannij  ends  with  a  Doric  cadence.*  Similarly  the 
Agnus  Dei  of  Mozart's  Requiem — although,  of  course,  we  are  not 
quite  certain  how  much  of  this  was  written  by  himself. 

Among  Beethoven's  compositions  we  may  notice  the  first  move- 
ment of  the  Sonata,  No.  90,  in  E  minor,  for  the  pianoforte,  as  an 

*  Examples  of  InBtmmental  Music  mentioned  bj  Ekert  in  his  '  Habilitationsschiift' 
*  The  Principles  of  Modulation  and  Musical  Ideas,' Heidelberg,  1860,  p.  12. 

*  [No.  1  of  the  opera.  Representing  major  chords  by  capitals  and  minor  by  small 
letters,  the  final  chords  of  the  vocal  music  are  F,  2>b ,  Gb,  /,  C,  /,  so  that  aU  the 
tones  wiU  lie  in  the  scheme  gb  +  Ab  —  rfb  +  /—  t«b  +  c  -f  «  —  ^.  The  tonic  is  F.— 
Trutulatar.] 
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liadiccd  Tone  or  Root^  as  distinguished  from  its  basa,  that  is,  the 
tone  which  belongs  to  the  lowest  part.  The  major  triad  has  the 
same  root  whatever  be  its  inversion  or  position.  In  the  chords 
e  —  e  —  g^or  g  —  c  —  f ,  the  root  is  still  c.  The  minor  chord 
d  —  /  —  a  has  also  as  a  nile  only  d  as  its  root  in  all  its  inversions, 
but  in  the  chord  of  the  major  Sixth  /  —  a  —  d  we  may  also  con- 
sider /  as  the  root,  and  it  is  in  this  sense  that  it  occurs  in  the 
cadence  of  d  major.^  Rameau's  successors  have  partly  given  up 
this  last  distinction ;  but  it  is  one  in  which  Bameau's  fine  artistic 
feeling  fully  corresponded  with  the  facts  in  nature.  The  minor 
chord  really  admits  of  this  double  interpretation,  as  we  have 
already  shewn  (p.  454.) 

The  essential  difference  between  the  old  and  new  tonal  modes 
is  this :  the  old  have  their  minor  chords  on  the  dominant,  the  new 
on  the  subdominant  side. 

The  reasons  for  the  following  construction  have  been  already 
investigated.* 


The  chord  of  the 

In  the 

r 

Subdominant 
is 

Tonic 
is 

Dominant 
is 

[Mode  of  the  minor  Third 

Minor 

Minor 

Minor 

Old- 

Mode  of  the  minor  Seventh 

Major 

Minor 

Minor 

,  Mode  of  the  Fourth . 

Major 

Major 

Minor 

Major  Mode     .... 

Major 

Major 

M^jor 

j^      j  Minor-Migor  mode  . 

(Minor  mode     .... 

Minor 

M^'or 

M^or 

Minor 

Minor 

Major 

^  [In  the  notation  of  Appendix  XIX.  '  the  minor  chord  d  —  ^f  ■\-  "Xa  has  the  root 
d  in  all  positions,  but  in  the  position  t/'+  fa  x ,  <f  we  may  also  consider  tf  as  the  root»  and 
it  is  in  this  sense  that  it  occurs  in  the  cadence  of  ^Ctd&^ot* — Trandator."] 

*  [It  will  be  seen  that  this  arrangement  does  not  include  the  mode  of  the  minof 
Sixth.  If  we  for  the  moment  cease  to  regard  historical  deriration,  and  commence  by 
a  purely  modem  harmonic  notion  of  chord  relationship,  agreeing  to  consider  a  minor 
triad  as  equally  valuable  with  the  major  triad  for  harmonic  purposes,  we  may  derive 
scales  of  seven  notes  by  means  of  six  chords,  with  common  Fifths,  but  three  with  mijor 
and  three  with  minor  Thirds,  in  the  manner  shewn  in  Appendix  XIX.,  Section  D  and 
Table  III.,  in  which  the  principle  of  the  table  on  this  page  is  more  completely  carried 
out  in  practice. — Drantiator.l 
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CHAPTER  XVr. 

THE    STSTEM    OF    KEYS. 

There  is  nothing  in  the  nature  of  music  itself  to  determine  the 
pitch  of  the  tonic  of  any  composition.  If  different  melodies  and 
musical  pieces  have  to  be  executed  by  musical  instruments  or 
singing  voices  of  definite  compass,  the  tonic  must  be  chosen  of  a 
suitable  pitch,  differing  when  the  melody  rises  far  above  the  tonic 
and  when  it  sinks  much  below  it.  In  short,  the  pitch  of  the  tonic 
must  be  chosen  so  as  to  bring  the  compass  of  the  tones  of  the 
piece  within  the  compass  of  the  executants.  This  inevitable  prac- 
tical necessity  entails  the  condition  of  being  able  to  give  any 
required  pitch  to  the  tonic. 

]Moreover,  in  the  longer  pieces  of  music  it  is  necessary  to  be 
able  to  make  a  temporary  change  of  tonic,  that  is,  to  modiUatey  in 
order  to  avoid  uniformity  and  to  utilise  the  musical  effects  result- 
ing from  changing  and  then  returning  to  the  original  key.  Just 
as  consonances  are  made  more  prominent  and  effective  by  means 
of  dissonances,  the  feeling  for  the  predominant  tonality  and  the 
satisfaction  which  arises  from  it,  is  heightened  by  previous  devia- 
tions into  adjacent  keys.  The  variety  in  musical  turns  produced 
by  modulational  connection  has  become  all  the  more  necessary  for 
modem  music,  because  we  have  been  obliged  entirely  to  renounce, 
or  at  any  rate  materially  to  circumscribe  the  old  principle  of  alter- 
ing expression  by  means  of  the  various  tonal  modes.  The  Greeks 
had  a  free  choice  among  seven  different  tonal  modes,  the  middle 
ages  among  five  or  six,  but  we  can  choose  between  two  only,  major 
and  minor.  Those  old  tonal  modes  presented  a  series  of  different 
degrees  of  tonal  character,  out  of  which  two  only  remain  suitable 
for  harmonic  music.  But  the  clearer  and  firmer  construction  of 
an  harmonic  piece  gives  modem  composers  greater  freedom  in 
modulational  deviations  from  the  original  key,  and  places  at  their 
command  new  sources  of  musical  wealth,  which  were  scarcely 
accessible  to  the  ancients. 

I  I 
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Finally  I  must  just  touch  on  the  question,  so  much  discussed, 
whether  each  different  key  has  a  peculiar  ch^,racter  of  its  own. 

It  is  quite  clear  that,  within  the  course  of  a  single  piece  of 
music,  modulational  deviations  into  the  more  or  less  distantly  re- 
lated keys  on  the  dominant  or  subdominant  side  produce  veiy 
different  effects.  But  this  arises  simply  from  the  contrast  they 
offer  to  the  original  principal  key.  This  would  be  merely  a  rda" 
tive  character.  But  the  question  here  mooted  is,  whether  in- 
dividual keys  have  an  ahaolute  character  of  their  own,  indepen- 
dently of  their  relation  to  any  other  key. 

This  is  often  asserted,  but  it  is  diflScult  to  determine  how  much 
truth  the  assertion  contains,  or  even  what  it  precisely  means, 
because  probably  a  variety  of  different  things  are  included  under 
the  term  character,  and  perhaps  the  amount  of  effect  due  to  the 
particular  instrument  employed  has  not  been  allowed  for.  If  an 
instrument  of  fixed  tones  is  completely  and  uniformly  tuned  ac- 
cording to  the  equal  (hemitonic)  temperament,  so  that  all  semi- 
tones throughout  the  scale  have  precisely  the  same  magnitude, 
and  if  also  the  musical  quality  of  all  the  tones  is  precisely  the 
same,  there  seems  to  be  no  gi*ound  for  understanding  how  each 
different  key  should  have  a  different  character.  Musicians  fully 
capable  of  forming  a  judgment  have  also  admitted  to  me,  that  no 
difference  in  the  character  of  the  keys  can  be  observed  on  the 
organ,  for  example.  And  Hauptmann,*  I  think,  is  right  when  he 
makes  the  same  assertion  for  singing  voices  with  or  without  an 
organ  accompaniment.  A  great  change  in  the  pitch  of  the  tonic 
can  at  most  cause  all  the  higher  notes  to  be  strained  or  all  the 
lower  ones  obsciured. 

On  the  other  hand,  there  is  a  decidedly  different  character  in 
different  keys  on  pianofortes  and  bowed  instruments*  G  major 
and  the  adjacent  Dl)  major  have  different  effects.  That  this  differ- 
ence is  not  caused  by  difference  of  absolute  pitch,  can  be  readily 
determined  by  comparing  two  different  instruments  tuned  to  dif- 
ferent pitches.  The  D\}  of  the  one  instrument  may  be  as  high  as 
the  C  of  the  other,  and  yet  on  both  the  (7  major  retains  its  brighter 
and  stronger  character,  and  the  i)[>  its  soft  and  veiled  harmonious 
effect.  It  is  scarcely  possible  to  think  of  any  other  reason  than 
that  the  method  of  striking  the  short  narrow  black  keys  of  the 
piano  must  produce  a  somewhat  different  quality  of  tone,  and  that 
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difference  of  character  arises  from  the  diflferent  distribution  of  the 
stronger  and  gentler  quality  of  tone  among  the  different  degreed 
of  the  scale.  The  difference  made  in  the  tuning  of  those  Fifths 
which  the  tuner  keeps  to  the  last,  and  on  which  are  crowded  the 
whole  of  the  errors  in  tuning  the  other  Fifths  in  the  circle  of 
Fifths,  may  possibly  be  regular,  and  may  contribute  to  this  effect, 
but  of  this  I  have  no  personal  experience. 

In  bowed  instruments  the  more  powerful  quality  of  tone  in 
the  open  strings  is  conspicuous,  and  there  are  also  probably  differ- 
ences in  the  quality  of  strings  which  are  stopped  at  short  and 
long  lengths,  and  these  may  alter  the  character  of  the  key 
according  to  the  degree  of  the  scale  on  which  they  fall.  This 
assumption  is  confirmed  by  the  inquiries  I  have  made  of  musi- 
cians respecting  the  mode  in  which  they  recognise  keys  under 
certain  conditions.  The  inequality  of  intonation  will  add  to  this 
effect.  The  Fifths  of  the  open  strings  are  perfect  Fifths.  But  it 
is  impossible  that  all  the  other  Fifths  should  be  perfect  if  in 
playing  in  different  keys  each  note  has  the  same  sound  through- 
out, as  appears  at  least  to  be  the  intention  of  elementary  instruc- 
tion on  the  violin.  In  this  way  the  scales  of  the  various  keys 
will  differ  in  intonation,  and  this  will  necessarily  have  a  much 
more  important  influence  on  the  character  of  the  melody.^ 

'  [The  want  of  fixed  tonos  both  on  the  bowed  instruments  <ind  the  human  voice, 
and  the  extreme  ease  with  which  pitch  can  bo  almost  inyolunUrily  and  unconsciously 
altered  to  suit  the  feeling  or  circumstances  of  the  moment,  while  forming  of  coarse  the 
great  point  of  perfection  which  distinguishes  these  musical  iubtruments  from  all  others, 
yet  occasion  great  difficulties  in  the  way  of  scientific  investigation.  It  is  impossible 
to  depend  with  certainty  on  hearing  the  same  intonation  twice.  The  difficulty  in 
singing  is  well  known,  and  this  renders  the  examination  of  dissonant  chords  very 
difficult.  Inquiries  of  violin-players  1  find  lead  to  very  small  results.  The  strings 
are  not  stopped  by  a  hard  point,  but  by  a  soft  pad ;  the  different  degrees  of  pressure 
of  this  pad,  the  conscious  or  unconscious  forward  or  backward  direction  of  the  pressure, 
all  influence  the  result.  Few  violinists  know  the  meaning  of  just  intonation.  They 
learn  their  stopping  by  habit  of  ear,  by  sheer  empiricism.  And  that  this  produces 
different  results  for  each  is  shewn  by  the  frequently  unsatisfactory  results  of  quartet t 
playing  by  four  excellent  soloists  unaccustomed  to  each  otlier's  '  playing,'  including 
intonation  among  other  matters.  But  as  regards  the  main  question  of  the  character 
of  keys  in  the  human  voice,  a  slight  change  of  the  pitch  of  the  tonic,  as  from  C  to  B 
or  to  2>b ,  does  not  sensibly  affect  the  result,  except  when  parts  of  the  melody  reach 
the  breaks  of  the  register,  or  the  extreme  limits  of  the  voice.  The  difference  in  the 
place  where  the  register  breaks  will  most  materially  affect  Uie  character  of  the  song. 
Hence  singers  constantly  transpose  slightly.  But  this  can  hardly  be  caUod  a  difference 
in  the  character  of  keys  ;  it  is  a  difference  in  the  character  of  voices.  On  the  other 
hand,  whon  the  changes  are  great,  as  from  C  to  G,  or  C  to  F,  the  compass  of  thft 
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The  differences  in  quality  of  tone  of  different  notes  on  wind 
in8tr.uinents  are  still  more  striking. 

If  this  view  is  correct,  the  character  of  the  keys  would  be  very 
different  on  different  instruments,  and  I  believe  this  to  be  the 
case.  But  it  is  a  matter  to  be  decided  by  a  musician  with  delicate 
ears,  who  directs  his  attention  to  the  points  here  raised. 

It  is,  however,  not  impossible  that  by  a  peculiarity  of  the  human 
ear,  already  touched  upon  in  p.  167,  certain  common  features  may 
enter  into  the  character  of  keys,  independent  of  the  difference  of 
musical  instruments,  and  dependent  solely  on  the  absolute  pitch  of 
the  tonic.  Since  ^'^'  is  a  proper  tone  of  the  human  ear,  it  sounds 
peculiarly  shrill  under  ordinary  circumstances,  and  somewhat  of  this 
shrillness  is  common  to/"''^  and  a''''[>.  To  a  somewhat  less  extent 
those  musical  tones  of  which  ^*'*  is  an  upper  partial,  as  ^'\  c"', 
and  ^*  have  a  brighter  and  more  piercing  tone  than  their  neigh- 
bours. It  is  possible,  then,  that  it  is  not  indifferent  for  pieces 
in  C  major  to  have  its  high  Fifth  ^'  and  high  tonic  d"  thus 
distinguished  in  brightness  from  other  tones,  but  these  differences 
must  in  all  cases  be  very  slight,  and  for  the  present  I  must  leave 
it  undecided  whether  they  have  any  weight  at  all. 

All  or  some  of  these  reasons,  then,  made  it  necessary  for  musi- 
cians to  have  free  command  over  the  pitch  of  the  tonic,  and  hence 
even  the  later  Greeks  transposed  their  scales  on  to  all  degrees  of 
the  chromatic  scale.     For  singers  these  transpositions  offer  no 

instnuneiit  for  which  the  melody  is  written  affects  the  relative  proportions  of  the  degrees 

used  above  and  below  the  tonic,  and  reproduces  one  of  the  effects  of  the  Greek  modes. 

This  is  very  conspicuous  for  vocal  music     On  the  violin  when  the  difference  of  pitch 

of  the  tonic  throws  different  degrees  of  the  scale  on  to  different  strings,  the  extreme 

difference  in  the  quality  of  their  tones  must  mark  the  difference  of  key.     But  in  what 

that  difference  consists,  accurate  measurable  estimates  are  wanting.    A  violin  is  tuned 

in  the  keys  of  XD  (major  or  minor,  as  the  Thirds  may  vary),  if  we  take  its  A  string  to 

be  toned  to  the  A\Vk  C  major,  so  that  the  four  open  strings  are  \g^  \d\  a\  ^.    Hence 

we  should  expect  the  keys  of  ^  Z^  to  be  the  *■  best '  keys  on  the  instrument,  and  it  will 

be  found  that  these  keys  are  frequent  in  violin  music.    But  violinists  consider  E  major 

to  be  their  most  brilliant  key,  although  here  the  fact  of  the  existence  of  a  brilliant 

high  harmonic  tf'"  as  well  as  the  open  e"  string,  may  have  something  to  do  with  the 

result.    By  altering  the  strings  on  which  he  takes  the  notes,  from  those  naturally 

selected,  to  those  possible,  a  violinist  would  most  probably  materially  change  the 

character  of  the  same  key.    Thus  if  in  the  key  of  E  major,  he  played  the  a!  on  the 

\d'  string,  and  relegated  the  notes  usually  played  on  the  e"  string  to  the  a'  string,  as 

far  as  possible — occasioning,  of  courso,  such  difficulties  of  fingering  that  the  experim^t 

could  only  be  tried  for  '  themes,'  such  as  Mayseder  s  well-known  air  with  variatioiui 

in  E  major —  he  would  probably  no  longer  find  E  major  a  brilliant  key  absolutely  on 

the  violin. — Trandator^ 
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difficulties.  *  They  can  begin  with  any  required  pitch,  and  find  in 
their  vocal  instrument  all  such  of  the  corresponding  degrees  as 
lie  within  the  extreme  limits  of  their  voice.  But  the  matter  be- 
comes much  more  difficult  for  musical  instruments,  especially  for 
such  as  only  possess  tones  of  certain  definite  degrees  of  pitch.  The 
difficulty  is  not  entirely  removed  even  on  bowed  instruments.  It 
is  true  that  these  can  produce  every  required  degree  of  pitch ; 
but  players  are  unable  to  hit  the  pitch  as  correctly  as  the  ear 
desires  without  acquiring  a  certain  mechanical  use  of  their  fingers, 
which  can  only  result  from  an  immense  amount  of  practice. 

The  Greek  system  was  not  accompanied  with  great  difficulties, 
even  for  instruments,  so  long  as  no  deviations  into  remote  keys 
were  permitted,  and  hence  but  few  marks  of  sharps  and  flats  had 
to  be  used.  Up  to  the  beginning  of  the  seventeenth  century 
musicians  were  content  with  two  signs  of  depression  for  the  notes 
B\}  and  j^b,  and  with  the  sign  ^  for  -F^,  CJ^  G^  in  order  to  have 
the  leading  tones  for  the  tonics  G,  D,  and  A.  They  took  care  to 
avoid  the  enharmonically  equivalent  tones  Aijf^  for  B\},  Djjf  for  I!\}y 
0\}  for  I^  D\}  for  %  and  A\}  for  G^.  By  help  of  B\}  for  B » 
every  tonal  mode  could  be  transposed  to  the  key  of  its  subdominant, 
and  no  other  transposition  was  made. 

In  the  Pythagorean  system,  which  maintained  its  predominance 
over  theory  to  the  time  of  Zarlino  in  the  sixteenth  century,  tuning 
proceeded  by  ascending  Fifths,  thus — 

C    G    D    A    E    B    F^    C^    G^    D^    A4    E^    B^^ 

Now  if  we  tune  two  Fifths  upwards  and  an  Octave  downwards, 
we  make  a  step  having  the  ratio  f  x  f  x  |=|^  which  is  a  major 
second.     This  gives  for  the  pitch  of  every  second  tone  in  the  last 

list — 

C     2)      £     JF#      C#     .!#      5#. 

1    I  a?  (D*  a/  (D*  iiY 

>  [The  letter  B  was  used,  as  it  still  is  in  Germany,  for  our  Bb ,  and  the  new  tone 
introduced  was  written  H,  our  B*  The  old  cursive  writing  for  A,  the  second  stroke 
descending  as  much  as  the  first  ascends,  gave  rise  to  our  sign  Q ,  and  this  doubled,  so 
that  the  first  stroke  of  the  second  i|  cut  the  two  cross  strokes  of  the  first  in  half,  seems 
to  have  given  rise  to  our  t. » which  implied  a  double  elevation  by  tt ,  or  twice  the  chancre 
from  B  (Le.  Bb)U}H (that  is,  JBH  ).  The  old  use  of  B  for  Bb  is  perpetuated  in  the 
form  of  the  fiat  sign  b ,  which  is  only  a  medieval  form  of  b. — DransiaU^r.] 

*  [In  the  notation  of  Appendix  XIX.  this  succession  is  - 

c G  Du  tij? t^ m  ta  \Gt  fD$  fut  nm  tt^» 

in  which  the  increment  of  a  comma  must  be  especially  noticed. — Trandaior.} 


486  TEMPERED  INTONATION.  Part  HI. 

Now  if  we  proceed  cUyumwsids  by  Fifths  from  C  we  obtain  the 
series — 

C  F  B\}  E\^  A\}  D\}  G\^  C\)  F\^  E\^\}  j&bb  ^bb  ^bb-* 

If  we  descend  two  Fifths  and  rise  an  Octave,  we  may  obtain 
the  tones — 

C    B\}    A\p    Gb    ^    ^b    ^bb 

1   I  a)*  c^)'  ay  (t)*  a)' 

Now  the  interval  (f)«=fffHf=ixf|}Uf 
or,  approximately  (f)*=ix-^^ 

Hence  the  tone  B^  is  higher  than  the  Octave  of  C  by  the  small 
interval  ^J,  and  the  tone  Dbb  is  lower  than  the  Octave  below  C  by 
the  same  interval.*  If  we  ascend  by  perfect  fifths  from  C  and 
/>[>[>,  we  shall  find  the  same  constant  difference  between 

C      0      D      A      E    B    I^C^G^DiffA^E^BJimd 

Dbb  ^bb  ^b  5bb  JT>  Cb  Gb  ^b  -^b  ^  ^  ^    C.^ 

The  tones  in  the  upper  line  are  all  higher  than  those  in  the 
lower  by  the  small  interval  ^J.  Our  staff  notation  had  its  prin- 
ciples settled  before  the  development  of  the  modem  musical  system, 
and  has  consequently  preserved  these  differences  of  pitch.  But  for 
practice  on  instruments  with  fixed  tones  the  distinction  between 
degrees  of  tone  which  lie  so  near  to  each  other,  was  inconvenient, 
and  attempts  were  made  to  fuse  them  together.  This  led  to 
many  imperfect  attempts,  in  which  individual  intervals  were 
more  or  less  altered  in  order  to  keep  the  rest  true,  producing  the 
so-called  unequal   temperaments^  and  finally  to  the  system  of 

'  [In  the  notation  of  Appendix  XIX., 

C  F  Bb  Eb  Ab  t2>b  t^b  JCb  JFb  Ji^bb  t^bb  t-^bb  tt^bb 
where,  again,  particular  attention  must  be  directed  to  the  depression  by  a  comma. — 
Transiator,] 

'  [The  approximation  ^  is  roadily  obtained  by  continued  fractions.  Since  {HHf  « 
lo  ^  ?5?si»  ^^^  ^°  Appendix  XIX.  |i  is  represented  by  f,  and  |f  by  J,  it  becomes  con-  • 
venient  to  represent  5||P|  by  ^  and  its  inverse  by  J^,  so  that  the  interval  in  the  tiott, 
or  *  Pythagorean  comma,'  is  ^t.  from  which  name  the  notation  ^  was  derived.  On 
the  whole  subject  of  notation  of  pitch  and  these  relations,  see  Appendix  XIX. — 
Translator,] 

*  [In  the  notation  of  Appendix  XIX.,  then,  ff^ff  =  ]^c,  and  {^(^bb  =»  tV^.— 
JVanslfitor.] 

*  [These  rchitions  arc  well  shewn  in  Appendix  XIX.,  Table  V.— 7rflw«fe/of .] 
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equal  temperamentj  in  which  the  Octave  was  divided  into  twelve 
precisely  equal  degrees  of  tone.*  We  have  seen  that  we  can  ascend 
from  C  by  1 2  perfect  Fifths  to  Bj^  which  diflfers  from  c  by  about  ^  of 
a  semitone,  namely  by  the  interval  ^J.^  In  the  same  way  we  can 
descend  by  12  perfect  Fifths  V>  -D^b,  which  is  as  much  lower  than 
0,  as  Bj^  is  higher.  If  then  we  put  C=£#=2)l>bj  ^^^  distribute 
this  little  deviation  of  ^  equally  among  all  the  12  Fifths  of  the 
circle,  each  Fifth  will  be  erroneous  by  about  ^  of  a  semitone  [or 
^  of  a  comma],  which  is  certainly  a  very  small  interval.  By  this 
means  all  varieties  of  tonal  degrees  within  an  Octave  are  reduced 
to  twelve,  as  on  our  modem  keyed  instnmients. 

The  Fifth  in  the  system  of  equal  temperament,  is,  when  ex- 
pressed approximately  in  the  smallest  possible  numbers,  =  |  x  |^|^-' 
It  is  very  seldom  than  any  difficulty  could  result  from  its  use  in 
place  of  the  perfect  Fifth.  The  root  struck  with  its  Fifth  makes 
one  beat  in  the  time  that  the  Fifth  makes  442^  complete  vibrations. 
Now  since  a^  makes  440  vibrations  in  a  second,  it  follows  that  the 
tempered  Fifth  df—a  will  produce  exactly  one  beat  in  a  second. 
In  long-sustained  tones  this  would,  indeed,  be  perceptible,  but  by  no 
means  disturbing,  and  for  quick  passages  it  would  have  no  time  to 
occur.  The  beats  are  still  less  disturbing  in  lower  positions,  where 
they  decrease  in  rapidity  with  the  vibrational  numbers  of  the  tones. 
In  higher  positions  they  certainly  become  more  striking;  d!"  —  a'" 
gives  four,  and  a'''  — e^"  six  beats  in  a  second;  but  chords  very 
seldom  occur  with  such  high  notes  in  slow  passages.  The  Fourths 
of  the  equal  temperament  are  ^  x  f  |f .  There  is  one  beat  for  every 
221-i-  vibrations  of  the  lower  tone  of  the  Fourth.  Hence  the 
Fourth  a-^d!  makes  one  beat  in  a  second,  the  same  as  the  Kfth 
d'  --al.  The  pure  consonances  retained  in  the  Pythagorean  system 
are  therefore  not  injured  to  any  extent  worth  notice  by  equal 
temperament.  In  melodic  progression  of  tones  the  intervid  W\ 
borders  on  the  very  limits  of  distinguishable  differences  of  pitch, 
which  according  to  Weber's  experiments  lie  at  W^^  for  practised 
violin  players.  But  when  two  tones  are  sounded  at  the  same  time 
still  finer  differences  are  of  course  perceptible. 

*  [The  gooeral  relations  on  which  the  schemes  of  tcmpersiment  depend,  and  the 
mode  of  calculating  temperaments,  are  given  in  Appendix  XIX.,  Section  C. — Translatar^ 

'  [Or,  more  accurately,  twelve-elevenths  of  a  comma.     See  App^'ndix  XIX.,  Sec- 
tion C. — Translator  l\  • 

•  [More  accurately  it  ib  3  x  ^,  or  J  x  (1  -  001  1286),  and  quite  accurately  »*/2'.— 
TTandaior!\ 
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The  Thirds  and  Sixths  of  the  equal  temperament  are  nearer 
the  perfect  intervals  than  are  the  Pythagorean* 
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JxH 
fx» 

IJo'lfxH' 

The  dissonances  occasioned  by  the  upper  partial  tones  are  con- 
sequently somewhat  milder  than  those  due  to  Pythagorean  intervals, 
but  the  combinational  tones  are  much  more  disagreeable.  For  the 
Pythagorean  Thirds  cf-^ef  and  ef — gr'  the  combinational  tones  are 
Cijf  and  B^  both  differing  by  a  semitone  ^  from  the  combinational 
tone  Cf  which  would  result  from  the  perfect  intervals  in  both  cases. 
For  the  Pythagorean  minor  chord  e  — gr'— 6'  the  combinational  tones 
are  B^  and  G#.  The  first,  B^  is  very  suitable,  better  even  than 
the  combinational  tone  C  which  results  from  perfect  intonation. 
But  the  second,  Oij^  belongs  to  the  major  and  not  to  the  minor  chord 
of  E.  However,  as  in  perfect  intonation  one  of  the  two  combina- 
tional tones  C  and  0  is  false,  the  Pythagorean  minor  chord  can 
hardly  be  considered  inferior  in  this  respect.  But  the  combina- 
tional tones  of  the  equally  tempered  Thirds  lie  between  those  of 
the  perfect  and  Pythagorean  Thirds,  and  are  less  than  a  semitone 
different  from  those  of  just  intonation.  Hence  they  correspond  to 
no  possible  modulation,  no  tone  of  the  chromatic  scale,  no  dis- 
sonance that  could  possibly  be  introduced  by  the  progression  of  the 
melody ;  they  simply  sound  out  of  tune  and  wrong.* 

•  [See  Appendix  XIX.,  Section  C. — Translator  J] 

'  [The  accurate  results  are  \l  C  (a  very  little  flatter  than  the  2>b  of  Appendix 
XIX. ;  this  npte  being  exactly  ^  C,  and  the  CS  of  the  text  an  approximatiye  not  an 
exact  notation)  and  ||  C  (or  5  exactly).    And  similarly  in  other  cases. — Tran^ator.] 

*  [This  may  be  seen  more  clearly  by  calculating  the  vibrational  numbers,  fWHimiT^g 
o'  to  be  264  as  on  p.  26.    Then— 
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These  bad  combinational  tones  have  always  been  to  me  the 
most  annoying  part  of  equally  tempered  harmonies.  When  moder- 
ately slow  passages  in  Thirds  at  rather  a  high  pitch  are  played, 
they  form  a  horrible  bass  to  them,  which  is  all  the  more  disagree- 
able for  coming  tolerably  near  to  the  correct  bass,  and  hence 
sounding  as  if  they  were  played  on  some  other  instnunent  which 
was  dreadfully  out  of  tune.  They  are  heard  most  distinctly  on  the 
harmonium  and  violin.  Here  every  professional  and  even  every 
amateur  musician  observes  them  immediately,  when  their  attention 
is  properly  directed.  And  when  the  ear  has  once  become  accus- 
tomed to  note  them,  it  can  even  discover  them  on  the  piano.  In 
the  Pythagorean  intonation  the  combinational  tones  sound  rather 
as  if  some  one  were  playing  dissonances  on  purpose.  Which  of 
these  two  evils  is  the  worse,  I  will  not  venture  to  decide.  In  lower 
positions  where  the  very  low  con^binational  tones  can  be  scarcely, 
if  at  all,  heard,  the  equally  tempered  Thirds  have  the  advantage 
over  the  Greek,  because  they  are  not  so  rough,  and  produce  fewer 
beats.  In  higher  positions  the  latter  advantage  is  perhaps  destroyed 
by  their  abominable  combinational  tones.  However  the  equally 
tempered  system  is  suitable  for  effecting  everything  that  can  be 
done  by  the  Pythagorean,  and  with  less  expenditure  of  means. 

C.  £.  Naumann,^  who  has  lately  defended  the  Pythagorean  as 
opposed  to  the  equally  tempered  system,  grounds  his  reasons  chiefly 
on  the  fact  that  the  Semitones  which  separate  the  ascending  leading 
tone  from  the  tonic,  and  the  descending  minor  Seventh  from  the 
Third  of  the  chord  on  which  it  has  to  be  resolved,  are  smaller  in 
the  Pythagorean  (where  they  are  about  |^ ;  as  appears  in  the  table 
on  p.  488)  than  in  the  equally  tempered,  where  they  are  about  ^ ; 
while  they  are  greatest  of  all  in  just  intonation,  viz.  ^.  Now  in 
the  equally  tempered  scale  there  is  only  one  tone  between  /  and  gr, 
which  is  accepted  at  one  time  as  /:|;^  to  be  a  leading  note  to  g^  and 
at  another  as  ^t>  to  act  as  a  Seventh  resolving  upon/;  but  in  the 
Pythagorean  there  are  two  tones, /Jj;  and  flrt>,  of  which  the  latter  is 
the  flatter.  Hence  the  Semitone  always  approaches  the  tone  on  to 
which  it  would  &11  in  regular  resolution,  and  the  height  of  the 

Tho  'differences'  give  the  vibrational  numbers  of  the  combinational  tones.  Now 
we  have  by  p.  26,  C»66,  Cr  =  29,  2?^«61-88,  but  the  others  correspond  to  no  precise 
tones.  The  nearest  tempered  intervals  Ct  =  6993,  and  G%  «  104'76.  See  also 
Appendix  XIX.,  Table  VL,  J), —Translator.'] 

*  '  Ueber  die  verschiedenen  Bestimmungen  der  Tonverhaltnisse.'    [On  the  various 
<3<. terminations  of  -the  ratios  of  tones.]    Leipzig,  1858. 


490  TEMPERED  INTONATION.  Part  III. 

pitch  determines  the  direction  of  resolution.  But  although  the 
leading  tone  plays  an  important  part  in  modulations,  it  is  perfectly 
clear  that  we  are  not  justified  in  changing  its  pitch  at  will  in  order 
to  bring  it  nearer  to  the  note  on  which  it  has  to  be  resolved.  There 
would  otherwise  be  no  limit  to  our  making  it  come  nearer  and  nearer 
to  that  tone,  as  in  the  ancient  Greek  enharmonic  mode.^  Suppose 
we  replaced  the  Pythagorean  semitone,  which  is  about  f  of  the 
natural  semitone,  by  another  still  smaller,  about  |-  of  the  natural 
one,  say  jl-  x  f^  x  |^ ;  the  result  would  be  perfectly  unnatural  as 
a  leading  note.  We  have  already  seen  that  the  character  of  the 
leading  note  essentially  depends  upon  its  being  that  tone  in  the 
scale  which  is  most  distantly  related  to  the  tonic,  and  hence  most 
imcertain  and  alterable  [melodically].  Hence  we  are  perfectly 
imjustified  in  deducing  from  such  a  tone  the  principle  of  con- 
struction for  the  whole  scale. 

The  principal  fault  of  our  present  tempered  intonation,  there- 
fore, does  not  lie  in  the  Fifths ;  for  their  imperfection  is  really 
not  worth  speaking  of,  and  is  scarcely  perceptible  in  chords.  The 
fault  rather  lies  in  the  Thirds,  and  this  error  is  not  due  to  forming 
the  Thirds  by  means  of  a  series  of  imperfect  Fifths,  but  it  is 
the  old  Pythagorean  error  of  forming  the  Thirds  by  means  of  an 
ascending  series  of  four  Fifths.  Perfect  Fifths  in  this  case  give 
even  a  worse  result  than  flat  Fifths.  The  natural  relation  of  the 
major  Third  to  the  tonic  both  melodically  and  harmonically, 
depends  on  the  ratio  f  of  the  vibrational  numbers.  Any  other 
Third  is  only  a  more  or  less  unsatisfactory  substitute  for  the  natural 
major  Third.  The  only  correct  system  of  tones  is  that  in  which, 
as  Hauptmann  proposed,  the  system  of  tones  generated  by  Fifths 
should  be  separated  from  those  generated  by  major  Thirds.  Now 
as  it  is  important  for  the  solution  of  many  theoretical  questions 
to  be  able  to  make  expeiiments  on  tones  which  really  form  with 
each  other  the  natural  intervals  required  by  theory,  to  prevent  the 
ear  from  being  deceived  by  the  imperfections  of  the  equal  tem- 
perament, I  have  endeavoured  to  have  an  instrument  constructed 
by  which  I  could  modulate  by  perfect  intervals  into  all  keys. 

'  [However  justifiable  in  unaccompanied  melody,  such  alterations  are  destructive 
of  harmony,  and  hence  do  not  belong  to  harmonic  music  proper.  Of  all  the  older 
temperaments,  the  mesotonic  is  most  harmonious,  but  this  makes  the  leading  tones  still 
further  from  the  tone  on  which  they  are  resolved,  than  even  in  just  intonation.  No 
diminution  of  the  just  semitone  can  be  made  without  injury  to  the  major  Thirds.— 
Trantlator.] 
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If  we  were  really  obliged  to  produce  in  all  its  completeness 
the  system  of  tones  distinguished  by  Hauptmann,  in  order  to 
obtain  perfect  intervals  in  all  keys,  it  would  certainly  be  scarcely 
possible  to  overcome  the  difficulties  of  the  problem.  Fortunately 
it  is  possible  to  introduce  a  great  and  essential  simplification  by 
means  of  the  artifice  originally  invented  by  the  Arabic  and  Persian 
musicians,  and  previously  mentioned  on  p.  431. 

We  have  already  seen  that  the  tones  of  Hauptmann's  system 
which  are  generated  by  Fifths,  and  are  marked  by  letters  without 
any  subscribed  or  superscribed  lines,  asc — g  —  d  —  a —  &c.,  are 
one  comma  or  \^  higher  than  the  notes  which  bear  the  same  names, 
when  generated  by  major  Thirds,  and  which  are  here  distinguished 
by  a  subscribed  line  as  c  —  q — (f  — a — &c.  We  have  further 
seen  that  if  we  descend  &om  &  by  a  series  of  12  Fifths,  down  to 
cl>,  the  last  tone,  reduced  to  the  proper  Octave,  is  lower  than  6l>  by 
about  ^^*     Hence  we  have — 

h:i  =  81  :  80 
h  :  cb=  74  :  73 

Now  these  two  intervals  are  very  nearly  alike;  ft  is  rather 
higher  than  ct>,  but  only  in  the  proportion — 

rb  :  J  =  5913  :  5920 

or,  using  the  approximation  obtained  by  continued  fractions — 

cb  :  ft  =  885  :  886. 

The  interval  between  c\}  and  ft  is  consequently  about  the  same 
as  that  between  a  perfect  and  an  equally  tempered  Fifth.* 

Now  i  is  the  true  major  Third  of  jr,  and  if  we  descend  8  Fifths 
from  g  we  arrive  at  c\}  thus : 

g  —  c  — /—  ftb  —  eb  —  ab  —  d\}  —  g\^  —  c\^ 

>  [Beginning  at  fb  and  descending  twelye  Fifths,  we  haye,  in  the  notation  of 

And  fi  :  6  =.  t,  but  fft  :  }cb  -■  t^.    The  accurate  ratio  of  the  two  interrala  tlT  •  t  i* 

^ ;  see  p.  486,  note  2. — Translator.] 

*  [On  account  of  the  approximate  character  of  the  calculation,  the  extreme  closeness 

of  the  result  is  not  well  shewn.    Taking  the  accurate  numbers,  the  ratio 

t^  -r-  Jcb  =  M?g|,  of  which  the  log.  =  -000  4001  071 

Perfect  Fifth  ^  tempered  Fifth  «  5.^1^2';  of  which  the  log.  = '000  4904  228 

Human  ears,  however  much  assisted  by  human  contrivances,  could  never  hear  the 

difference. — Translator.] 
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Now,  as  ct>  is  flatter  than  &,  if  we  diminished'  all  the  Fifths  by  ^  of 
the  small  interval  |^  we  should  arrive  at  h  instead  of  c\}. 

Now,  since  the  interval  f|j-  is  itself  on  the  limits  of  sensible 
difference  of  pitch,  the  eighth  part  of  this  interval  cannot  be  taken 
into  account  at  all,  and  we  may  consequently  identify  the  following 
tones  of  Hauptmann's  system,  by  proceeding  in  a  series  of  Fifths 
from  c\}  =ft,  that  is,  the  upper  line  with  the  lower,  or — 

f\}  —  c\^—^  —  d\}  —  a\}  —  e\}  —  b\} 

Among  musical  instruments,  the  harmonium,  on  account  of  its 
uniformly  sustained  tone,  the  piercing  character  of  its  quality  of 
tone,  and  its  tolerably  distinct  combinational  tones,  is  particularly 
sensitive  to  inaccuracies  of  intonation.  And  as  its  vibrators  also 
admit  of  a  delicate  and  durable  tuning,  it  appeared  to  me  pecu- 
liarly suitable  for  experiments  on  a  more  perfect  system  of  tones. 
I  therefore  selected  an  harmonium  of  the  larger  kind,*  with  two 
manuals,  and  a  set  of  vibrators  for  each,  and  had  it  so  tuned  that 
by  using  the  tones  of  the  two  manuals  I  could  play  all  the  major 
chords  from  F\}  major  to  Fi^  major.  The  tones  are  thus  dis- 
tributed : 


, — -*- 


"^  #- 


fb  — (fb  — cb  —  jjb  -gb  —  ib  — <fb  — /- 


On  Lower  Manual 


^^ 


■**'* 


-ab  — c—  «^  —a— 6b  —  d^f—a^ 

II       ••       " 


On  Upper  Manual 


J 


A- 


c-G-a-h-d-fl  -a-C«- 


fi 


On  Lower  Manual 


-  e-gl  -*— rfJ  -ft  -Ql-ct- 
i  On  Upper  Manual 


-a 


This  instrument  therefore  furnishes  15  major  chords  and  as 
many  minor  chords,  with  perfectly  pure  Thirds  but  with  Fifths 
too  flat  by  \  of  the  interval  by  which  an  equally  tempered  Fifth 

*  [Accidentally  misprinted  'increased/  that  is,  *zu  gross/  instead  of  *zvl  klein' 
In  all  the  three  German  editions. —  Translator.'] 

'  [In  the  notation  of  Appendix  XIX.  the  two  series  are — 

j/b  —  }cb  —%gb—  Xdb  —  ab  —  eb  —   6b 
"«     —    6—  /U—    crjr  —g%  — <f«  —  faff 
of  which  the  second  series  is  a  skhisma,  or  ^,  sharper  than  the  first    That  is,  the  real 
equation  is  fcb  s  |^.    This  will  be  fully  elucidated  in  Appendix  XIX.,  Section  C,  for 
the  proposal  really  amounts  to  a  temperameut,  which  is  somewhat  different  from  the 
Arabic  artifice  that  suggested  it. — Translator,'] 

•  Made  by  Messrs.  J.  and  P.  Schiedmayer,  in  Stuttgart. 
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is  too  fiiat.^  On  the  Lower  Manual  we  have  the  complete  scales  of 
Cj}  major  and  0  major  and  in  the  upper  the  complete  scales  of  E};} 
major  and  B  major  inclusive  complete.  All  the  major  scales 
exist  from  C\}  major  to  B  major,  and  they  can  all  be  played  in 

*  The  tuning  of  this  instrument  was  easily  managed.  Herr  Schiedmayer  succeeded 
at  the  first  attempt  by  the  following  direction.  Starting  from  a  on  the  lower  manual, 
tune  the  Fifths  d  —  a^  g  —  d^  e  —  ff  perfectly  just,  and  thus  obtain  e,  g^  d.  Then  tune 
the  major  chords  e  —  e  — g^  g  —  h  —  d^d  — ft  —  a,  giTing  the  three  tones  ft  h^  ft , 
and  finally  the  Fifth,  ft  —  c8  >  to  obtain  £8  ^  Then  putting  i  a/b  i  &  »  cb ,  /S  »^b  > 
Qt^d^t  tune  the  major  chords /b  —  (jb — cb,cb  —  fb — g\> %  g\>  —  h\>  —  db  with 
pure  Thirds  giving  no  beats,  thus  obtaining  ffb ,  ^b ,  ^b ,  and  finally  the  Fifth  ^b — f^ 
giving  /.  This  completes  the  tuning  of  the  notes  on  the  lower  manual.  For  the  upper 
manual  first  tune  e  as  the  perfect  Fifth  of  the  a  in  the  lower  manual,  and  then  the 
three  m%jor  chords  e—gt  —  h,h  —  dt  — ft  %ft  — 9t  — cJ  f  and  the  Fifth  Qt  — tt » 
giving  6, /Jj,<r5,and  thenjir,(f5,  qt  and  alsogj.  Then  put  ^J  -  ab,  (?JJ  =  eb, 
Qt  B 6b ,  fS  «  /,  and  tune  the  Thirds  in  the  major  chords  a\>  —  s — cb ,  eb  — g —  6b , 
b\>  —  4  — f  and  the  Fifth  4 — g.  This  gives  c,  g,  4%  and  5,  and  completes  the  whole 
tuning,  which  is  much  easier  than  for  a  series  of  equally  tempered  tones. 

[The  theoretical  flattening  of  all  the  fifths  by  |  of  a  skhisma  is  here  neglected,  as  it 
would  be  impossible  by  ear  only,  and  in  all  probability  many  other  errors  in  tuning 
were  committed,  which  could  not  be  detected.  The  result  is  that  the  two  manuals 
were  tuned  to  the  following  tones,  retaining  the  notation  of  the  text,  and  using  capital 
letters  to  represent  the  large  or  white  digitals,  and  the  small  letters  the  small  or 
black  digitals.  The  Roman  letters  below  shew  the  secondary  meaning  attached  to  the 
letters  above  them  for  the  tuning  of  the  notes  marked  with  a  *  above  them. 


V       ct 


Upper  Manual. 

V 

dt 

eb 

E       Et        ft         Q 
f 

Lower  Manual. 

ii 

ft 

4 

£8 

bb 

B 

D 

ft 
Cb 

E       F         ft         G 
Fb                  eb 

:<■ 

A 

!b 

S 
Cb 

c      ct 
db 

In  the  following  transcription  into  the  notation  of  Appendix  XIX.,  some  other  useful 
synonyms  are  written  above : — 

Upper  Manual  (Translator's  Notation). 
Bff      db        c](8  gb  fBS  g88 

tC      ict       t^     Jiff       fE     fEt     fft        tG       gt  A     fat       tn 

eb  f  ab  bb 

Lower  Manual  (Translator's  Notation). 

td«  et  tg»  a« 

C        et        D     t^\>         E     XF        ft  G      Jab        \A     J6b        B 

Jdb  JFb  tgb  tCb 

The  whole  theory  of  constructing  instruments  in  just  intonation  is  given  in  Appendix 
XIX.,  and  many  forms  are  suggested  in  Section  G,  where  this  is  No.  3,  of  which  No.  8 
is  an  improved  form. — Translator.'] 
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perfect  purity  in  the  naturial  intonation.  But  to  modulate  beyond 
B  major  on  the  one  side  and  C\}  major  on  the  other,  it  is  necessary 
to  make  a  really  enharmonic  interchange  between  B  and  (7t>,  which 
perceptibly  alters  the  pitch  (by  a  comma  |-^).  The  minor  modes 
on  the  lower  manual  are  J^  minor  or  (7|>  minor  complete,  on  the 
upper  manual  Z)^  minor  or  E\}  minor. 

For  the  minor  keys  this  series  of  tones  is  not  quite  so  satis- 
factory as  for  the  major  keys.  The  dominant  of  a  minor  key  is 
the  Fifth  of  a  minor  triad  and  the  root  of  a  major  triad.  But  as 
the  minor  chord  has  to  be  written  as  a  —  c  —  g,  and  the  major 
chord  as  f\}  —  ob  —  c\}j  the  corresponding  dominant  must  be 
written  in  the  first  chord  with  an  underlined  letter,  and  in  the 
second  with  a  letter  that  has  no  line  beneath  it ;  that  is,  they  must 
be  tones  of  the  kind  which  we  have  identified  by  means  of  the 
assumptions  here  made,  as  in  the  present  case  where  e  is  identified 
with  f\}.  Hence  the  instrument  furnishes  the  following  perfectly 
just  minor  scales  [where  the  letters  in  brackets  indicate  those 
which  are  not  written  in  the  account  of  the  manuals  in  the  text  of 
p.  492]  :— 


1)  g    or  b\}\}  minor :  d    — /    —  (j    —  c    —  5    —  [gj^  —  &  ] 

f\>—  ^  — cb 

2)  g    orf\}    minor :  cp    —c    — fi    —g—b    —  [#  — /#] 

c\>—    «b  —  fl^ 

3)  b     or  c\}    minor  :  g    —g—b    —d    —fijf  —  [g^^  —  c#] 

ff\>—  bb  —  ^ 

4)/#orgrt>    minor  :fc    —d   —f^  —  a    —Q^—i^—g^ 

d\}—  /    —o\} 

5)  (^ord\}    minor:/#  — a   —  c#  —  e    _^^#_[&#_^] 

6)  .(7#orab    minor:  s#- 6    -gi^-b    _^-.[/##_g#] 

«b  —  'fl^  —  6b 

7)  #oreb    minor:. r7#-6    -#-/#- (M*  -  [S##- ?#] 

b\>-   d    -f 

8)  a#or6b    minor  :(?#-/#- (i#- c#  -  e#  -  [flr##_6#] 

f    —'q   —c 

Of  these,  the  six  last  tonics  from  C\}  to  B\}  are  also  provided  with 
major  scales.  Hence  there  are  complete  minor  scales  on  all 
degrees  of  the  scales  of  B  major  and  E  major;  and  complete 
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minor  and  major  scales  on  all  degrees  of  the  scale  of  ^  major,  with 
the  exception  of  j^. 

After  previous  experiments  on  another  harmonium,  where  I  liad 
at  command  only  the  two  sets  of  tones  on  the  Octave  common  to 
two  stops  with  one  manual,  I  had  expected  that  it  would  be 
scarcely  observed  if  either  the  other  minor  keys  had  a  somewhat 
too  sharp  Pythagorean  Seventh,  or  if  minor  chords,  which  are 
themselves  rather  obscurely  harmonious,  were  executed  in  Pytha- 
gorean intonation.  When  isolated  minor  chords  are  struck  the 
difference  is,  indeed,  not  much  observed.  But  when  long  series  of 
justly-intoned  chords  have  been  employed,  and  the  ear  has  grown 
accustomed  to  their  effect,  it  becomes  so  sensitive  to  any  inter- 
mixture of  chords  in  imperfect  intonation,  that  the  disturbance  is 
very  appreciable.* 

The  least  disturbance  is  caused  by  taking  the  Pythagorean 
Seventh,  because  this  leading  tone  is  in  modern  compositions 
scarcely  ever  used  but  in  the  chord  of  the  dominant  Seventh,  or 
other  dissonances.  In  a  pure  major  triad  its  effect  is  certainly 
very  harsh.  But  in  a  discord  it  has  a  less  disturbing  effect,  because 
by  its  sharpness  it  brings  out  the  character  of  the  leading  note 
more  distinctly.  On  the  other  hand,  I  have  found  minor  chords 
with  Pythagorean  Thirds,  absolutely  intolerable  when  coming  be- 
tween justly-intoned  major  and  minor  chords.*  By  allowing,  then, 
a  Pythagorean  Seventh  in  the  scale,  or  a  Pythagorean  major  Third 
in  the  chord  of  the  dominant  Seventh,  we  may  form  the  following 
minor  scales : — 

9)  d  minor:  g  — b\}  —  d  — /  — a  — c^  —  g 

10)  g  minor:   c   — e\}  —  g  — 1\}  —  d  — /^  —  ft 

11)  Q  minor:^   — a^  —  c  — e\}  —  ^   — i   — d 

12)  /  minor:  ^b  —  e^ — /  — at> — Q  — fi   — fjf 

13)  ^t>  niinor:  c^  —  9\>  —  b\}  —  ^b — /  — Q^    — Q 

14)  sb  minor:  q\} — ct> — gb — ff\>  —  &b — d  — / 

In  the  former  series,  Nos.  8  and  7,  we  had  already  6b  minor  and 
eh  minor,   which  are  a  comma  sharper  than  Nos.  13  and  14. 

'  [My  own  experience  is  that  the  minor  chords  even  more  than  the  migor  shew  the 
yast  superiority  of  the  just  intonation  over  the  equal  temperament ;  and  that  the  occa- 
•ional  introduction  of  Pythagorean  among  justly-intoned  chords,  major  or  minor,  is 
comparable  only  to  the  *  wolves '  on  the  *  bad  keys,*  as  ^ ,  or  £*,  of  the  old  organ 
tuning.  My  instruments  enable  me  to  compare  these  effects  readily,  and  both  arise 
from  similar,  though  not  the  same  causes. — Transiaiar.] 
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Hence  the  series  of  minor  keys  is  also  completed  by  the  fusion  of 
their  extremities  through  enharmonic  interchange. 

In  most  cases  it  is  possible  to  transpose  the  music  to  be  played 
on  such  instruments,  so  as  to  avoid  the  necessity  of  making  these 
enharmonic  interchanges,  provided  the  modulations  do  not  extend 
too  &r  into  different  keys.  But  if  it  is  not  possible  to  avoid 
enharmonic  interchanges,  they  must  be  introduced  where  two 
unrelated  ^  chords  follow  each  other.  This  is  best  done  between 
dissonant  chords.  Naturally  this  enharmonic  change  is  always 
necessary  when  a  piece  of  music  modulates  through  the  whole 
circle  of  Fifths — from  G  major  to  B^  major,  for  example.'  But 
Hauptmann  is  certainly  right  when  he  characterises  such  circular 
modulation  as  unnatural  artificiality,  which  could  only  be  rendered 
possible  by  the  imperfections  of  our  modem  system  of  tempera- 
ment. Such  a  process  must  certainly  destroy  the  hearer's  feeling 
for  the  unity  of  the  tonic.  For  although  jB^  has  very  nearly  the 
same  pitch  as  C,  or  can  be  even  improperly  identified  with  it,  the 
hearer  can  only  restore  his  feeling  for  the  former  tonic  by  going 
back  on  the  same  path  that  he  advanced.  He  cannot  possibly 
retain  his  recollection  of  the  absolute  pitch  of  the  first  tonic  C 
after  his  long  modulations  up  to  B^^  with  such  a  degree  of  exact- 
ness as  to  be  able  to  recognise  that  they  are  identical.  For  any 
fine  artistic  feeling  B%  must  remain  a  tonic  far  removed  from  C 
on  the  dominant  side ;  or,  more  probably,  after  such  distant  mo- 
dulations, the  hearer's  whole  feeling  for  tonality  will  have  become 
confused,  and  it  will  then  be  perfectly  indifferent  to  him  in  what  key 
the  piece  ends.  Generally  speaking,  an  immoderate  use  of  striking 
modulations  is  a  suitable  and  easy  instrument  in  the  hands  of 
modem  composers,  to  make  their  pieces  piquant  and  highly 
coloured.  But  a  man  cannot  live  upon  spice,  and  the  consequence 
of  restless  modulation  is  almost  always  the  obliteration  of  artistic 
connection.  It  must  not  be  forgotten  that  modulations  should  be 
only  a  means  of  giving  prominence  to  the  tonic  by  contrasting  it 
with  another  and  then  returning  into  it,  or  of  attaining  isolated 
and  peculiar  effects  of  expression. 

Since  harmoniums  with  two  manuals  have  usually  two  sets  of 
vibrators  for  each  manual  of  which  the  above  system  of  timing  only 
uses  one,  I  have  had  the  two  others  (an  8-foot  and  a  16-foot  stop) 

*  [That  is,  chords  not  having  a  common  tone. — 7\ranBlatoT,'\ 

'  [In  the  notation  of  Appendix  XIX.,  from  C  to  ffflj . — TranBlatcrJ] 
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timed  in  tlie  usual  equal  temperament,  which  renders  it  very  easy 
to  compare  the  effect  of  this  timing  with  just  intonation,  as  I  have 
merely  to  pull  out  or  push  in  a  stop  to  make  the  difference.* 

As  regards  musical  effect,  the  difference  between  the  just  and  the 
equally-tempered  or  the  just  and  the  Pythagorean  intonations  are 
very  remarkable.  The  justly-intoned  chords,  in  favourable  posi- 
tions, notwithstanding  the  rather  piercing  quality  of  the  tone  of 
the  vibrators,  possess  a  full  and  as  it  were  saturated  harmonious- 
ness ;  they  flow  on,  with  a  full  stream,  calm  and  smooth,  without 
tremor  or  beat.  Equally-tempered  or  Pythagorean  chords  sound 
beside  them  rough,  dull,  trembling,  restless.  The  difference  is  so 
marked  that  everyone,  whether  he  is  musically  cultivated  or  not,  ob- 
serves it  at  once.  Chords  of  the  dominant  Seventh  in  just  intonation 
have  nearly  the  same  degree  of  roughness  as  a  common  major 
chord  of  the  same  pitcli  in  tempered  intonation.  The  difference 
between  natural  and  tempered  intonation  is  greatest  and  most  un- 
pleasant in  the  higher  Octaves  of  the  scale,  because  here  the  false 
combinational  tones  of  the  tempered  intonation  are  niore  observ- 
able, and  the  number  of  beats  for  equal  differences  of  pitch, 
becomes  larger,  and  hence  the  roughness  greater. 

A  second  circumstance  of  essential  importance  is,  that  the  dif- 
ferences of  effect  between  major  tad  minor  chords,  between 
different  inversions  and  positions  of  chords  of  the  same  kind,  and 
between  consonances  and  dissonances  are  much  more  decided  and 
conspicuous,  than  in  the  equal  temperament.  Hence  modulations 
become  much  more  expressive.  Many  fine  distinctions  are  sensible, 
which  otherwise  almost  disappear,  as,  for  instance,  those  which 
depend  on  the  different  inversions  and  positions  of  chords,  while, 
on  the  other  hand,  the  intensity  of  the  harsher  dissonances  is  much 
increased  by  their  contrast  with  perfect  chords.  The  chord  of  the 
diminished  Seventh,  for  example,  which  is  so  much  used  in  modern 
music,  borders  upon  the  insupportable,  when  the  other  chords  are 
tuned  justly.^ 

Modem  musicians  who,  with  rare  exceptions,  have  never  heard 

'  Proposals  for  making  the  series  of  tonea  in  this  system  of  intonation  more  com- 
plete and  at  the  same  time  greatly  facilitating  fingering  by  the  use  of  a  single  manual, 
will  be  found  in  the  Appendix  XVII.  [And  another  method,  for  which  the  requisite 
mechanism  exists,  is  given  in  Appendix  XIX.,  Section  G,  No.  8. — Translaior.]         , 

*  [1  can  fully  confirm  this  by  my  own  experience  on  my  justly-intoned  concertina. 
Appendix  XIX.,  Section  G,  No.  1.  The  last-named  chonl,  although  as  tgU  —  *  I  t*' 
— /it  has  two  perfect  minor  Thirds.  J^J  —6  and  Jrf — /,  which  sound  fur  superior  to 
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any  music  executed  except  in  equal  temperament,  mostly  make 
light  of  the  inexactness  of  tempered  intonation.  The  errors  of  the 
Fifths  are  very  small.  There  is  no  doubt  of  that.  And  it  is  usual 
to  say  that  the  Thirds  are  much  less  perfect  consonances  than  the 
Fifths,  and  consequently  also  less  sensitive  to  errors  of  intonation. 
The  last  assertion  is  also  correct,  so  long  as  homophonic  music  is 
considered,  in  which  the  Thirds  occur  only  as  melodic  intervals 
and  not  in  harmonic  combinations.  In  a  consonant  triad  every 
tone  is  equally  sensitive  to  false  intonation,  as  theory  and  experieDce 
alike  testify,  and  the  bad  effect  of  the  tempered  triads  depends 
especially  on  the  imperfect  Thirds.* 

There  can  be  no  question  that  the  simplicity  of  tempered  into- 
nation is  extremely  advantageous  for  instrumental  music,  that  any 
other  intonation  requires  an  extraordinarily  greater  complication 
in  the  mechanism  of  the  instrument,  and  woidd  materially  increase 
the  difficulties  of  manipulation,  and  that  consequently  the  high 
development  of  modern  instrumental  music  would  not  have  been 
possible  without  tempered  intonation.  But  it  must  not  be  ima- 
gined that  the  difference  between  tempered  and  just  intonation  is 
a  mere  mathematical  subtilty  without  any  practical  value.  That 
this  difference  is  really  very  striking  even  to  unmusical  ears,  is 
shewn  immediately  by  actual  experiments  with  properly  tuned 
instruments.  And  that  the  early  musicians,  who  were  still  accus- 
tomed to  the  perfect  intervals  of  vocal  music,  which  was  then  most 
carefully  practised,  felt  the  same,  is  immediately  seen  by  a  glance 
at  the  musical  writings  of  the  latter  half  of  the  seventeenth  and 
the  earlier  part  of  the  eighteenth  centuries,  at  which  time  there  was 
much  discussion  about  the  introduction  of  different  kinds  of  tem- 
perament, and  one  new  method  after  another  was  invented  and 
rejected  for  escaping  the  difficulties,  and  the  most  ingenious  forms 

their  equally  tempered  substitutes,  and  one  Pythagorean  minor  Third,  b  |  Jrf,  which  is 
fully  as  good  as  the  equally-tempered  minor  Third  (p.  488),  is  a  mere  piece  of  noise, 
of  a  worse  kind  than  the  noise  of  the  equally-tempered  imitation  of  the  same  chord  in 
the  same  quality  of  tone.  In  just  intonation  the  chord  of  the  diminished  Sewnth  can 
therefore  be  used  only  with  mild  qualities  of  tone. — Translator.] 

*  [A  triad  in  which  the  major  Third  is  perfect,  but  the  Fifth  and  minor  Third  both 
too  small  by  a  quarter  of  a  comma  (as  in  the  mean  tone  temperament^  in  which  I  have 
a  concertina  tuned),  has  a  very  much  better  eifcct  than  the  equally-tempered  triad, 
where  the  P'ifth  is  only  one-eleven(h  of  a  comma  too  flat,  and  the  major  Third  is  seren- 
elevenths  of  a  comma  too  sharp,  and  hence  the  minor  Third  is  eight-elevenths  of  a 
comma  too  flat.  The  effect  is  much  more  strongly  felt  in  playing  passages  than 
isolated  chords. — Translator.  ] 
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of  instrument  were  designed  for  practically  executing  the  enhar- 
monic differences  of  the  tones.  Praetorius  *  mentions  a  universal 
cymbalum,  which  he  saw  at  the  house  of  the  court-organist  of  the 
Emperor  Kudolph  II.  in  Prague,  and  which  had  77  digitals  in 
4  Octaves,  or  19  to  the  Octave,  the  black  digitals  being  doubled, 
and  others  inserted  between  those  for  e  and  /,  and  between  those 
for  h  and  c.  In  the  older  directions  for  tuning,  several  tones  are 
usually  tuned  by  Fifths  which  beat  slightly,  and  then  others  as 
perfect  major  Thirds.  The  intervals  on  which  the  errors  accumu- 
lated were  called  wolves,  Praetorius  says  :  *  It  is  best  for  the  wolf 
to  remain  in  the  wood  with  his  abominable  howling,  and  not  dis- 
tiurb  our  harmonicas  concordantiasJ*  fiameau,  too,  who  at  a  later 
period  contributed  greatly  to  the  introduction  of  equal  tempera- 
ment, in  1726*  still  defended  a  different  style  of  tuning,  in  which 
the  Thirds  of  the  more  usual  keys  were  kept  perfect  at  the  expense 
of  the  Fifths  and  of  the  unusual  keys.  Thus  he  tuned  up  from  C, 
in  Fifths  so  much  diminished,  that  the  fourth  Fifth,  instead  of 
being  E,  became  the  perfect  Third  of  C,  namely  E=F\}.  Then 
again  four  Fifths  more  to  4t>9  the  perfect  Third  of -Fb,  instead  of 
to  ^ti>-  But  then  the  four  Fifths  between  this  4  b  ^^^  C'  had 
necessarily*  to  be  made  too  large,  because  it  is  not  A\}  but  A\} 
which  is  four  perfect  Fifths  distant  from  C.  This  plan  of  tuning 
gives  the  perfect  major  Thirds,  C  —  E,  0  — B,  D  —  Fif^,  E —  G^, 
but  when  we  proceed  further  from  E  on  the  dominant  side,  or  from 

*  '  Sjntagma  musicnm/  II.,  Chap.  XI.,  p.  63. 

*  *  Nouveau  Systime  de  Musiqae/  Chap.  XXIV. 

'  [That  18,  if  only  twelve  digitals  might  be  used,  so  that  the  temperament  became 
unequal.  But  this  style  of  tuning,  which  at  first  was  the  mean  tone  temperament, 
where  the  Fifths  are  made  a  quarter  of  a  comma  too  fiat,  should  be  carried  out  through 
twenty-six  Fifths,  requiring  twenty-seven  tones  as  under,  to  be  really  effective,  and 
if  any  fewer  are  employed  no  attempt  should  be  made  to  modulate  into  keys  not  pro- 
Tided  with  proper  tones.  See  Appendix  XIX.,  Section  C,  and  Table  VI.  It  is  a 
temperament  with  which  I  am  practically  familiar.  It  is  far  superior  to  the  equally- 
tempered,  and  is  even  endurable  on  the  concertina,  which  used  to  be  always  so  tuned, 
but  having  fourteen  digitals,  extends  from  Ab  to  2>JJ .  The  twelve  digitals  could 
play  then  only  in  Bb ,  K  C,  (r,  A  and  A  major,  and  in  G,  2>,  and  A  minor,  which  of 
eourse  failed  to  satisfy  the  requirement*  of  modulation.  Hence  players  sought  to 
identify  Dt .  At ,  EU  ,  F^t  CUU  Gtt  with  Eb^  Bb ,  F,  G,  D,  A  on  the  one  hand,  and 
2>b,  Gb.  Cb.Fb,  5bb,  ^bb.  ^bb  with  CJ  ,  JF!B ,  J5,  E,  A,D,  ^on the  other.  Hence 
came  the  wolves.  And  a  system  of  tuning  was  blamed  for  not  doing  what  it  never 
professed  to  do.  As  long  as  twelve  digitals  only  are  insisted  on,  the  equal  tempen- 
ment,  by  dividing  the  OcUve  into  twelve  equal  Semitones,  is  a  necessity,  unless  a 
series  of  such  manuals  can  be  furnished  as  proposed  in  Appendix  XIX.,  Sect.  G,'No«. 
18  and  lA.—TVamhfor.] 
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C  on  the  subdominant  side,  we  find  Thirds  which  become  worse 
and  worse.  The  error  in  the  Fifths  is  about  three  times  that  in 
the  equal  temperament.  Even  in  1762,  this  system  could  be 
characterised  by  d'Alembert  as  that  commonly  used  in  France,  in 
opposition  to  the  equal  temperament  which  Bameau  subsequently 
proposed.  Marpurg  *  has  collected  a  long  series  of  other  systems 
of  tuning.  Since  players  found  themiselves  compelled  by  using 
only  12  digitals  to  the  Octave,  to  put  up  with  a  series  of  false 
intervals,  and  to  let  their  ears  become  accustomed  to  them,  it  was 
certainly  better  to  make  up  their  minds  to  give  up  their  few 
perfect  major  Thirds  still  remaining  in  the  scale,  and  to  make  all 
the  major  Thirds  equally  erroneous.  It  necessarily  produces  more 
disturbance  to  hear  very  falsely  tuned  Thirds  amidst  correct  inter- 
vals, than  to  hear  intervals  which  are  all  equally  out  of  tune  and 
are  not  contrasted  with  others  in  perfect  intonation.  Hence  as 
long  as  it  is  necessary  pi-actically  to  limit  the  number  of  separate 
tones  within  the  Octave  to  1 2,  there  can  be  no  question  at  all  as 
to  the  superiority  of  the  equal  temperament  with  its  12  equal 
semitones,  over  all  others,  and,  as  a  natural  consequence,  this  has 
become  the  sole  acknowledged  method  of  tuning.  It  is  only  bowed 
instruments,  with  [including  the  Tenor]  their  four  perfect  Fifths 
C  —  0  —  D  —  A  —  E^  which  still  deviate  from  it. 

The  equal  temperament  came  into  use  in  Germany  before  it 
was  introduced  into  France.  In  the  second  volume  of  Matheson's 
Critwa  Muaica^  which  appeared  in  1752,  he  mentions  Neidhard 
and  Werckmeister  as  the  inventors  of  this  temperament.^  Sebastian 
Bach  had  already  used  it  for  the  pianoforte  {clavier),  as  we  must 
conclude  from  Marpurg's  report  of  Kimberger's  assertion,  that 
when  he  was  a  pupil  of  the  elder  Bach  he  had  been  made  to  tune 
all  the  major  Thirds  too  sharp.  Sebastian's  son,  Emanuel,  who 
was  a  celebrated  pianist,  and  published  in  1753  a  work  of  great 
authority  in  its  day  *  on  the  true  art  of  playing  the  pianoforte,'  re- 
quires this  instrument  to  be  always  tuned  in  the  equal  temperament. 

The  old  attempts  to  introduce  more  than  12  degrees  into  the 
scale  have  led  to  nothing  practical,  because  they  did  not  start  firom 

*  *  Versuch  uber  die  musikalische  Temperatur,'  Breslau,  1776. 

'  Op.  cit.  p.  162.  The  following  works  of  these  two  anthors  are  cited  by  Forkel: 
Neidhard  (Royal  Prussian  Band-conductor)  *  Die  beste  und  Icichteste  Temperatur  de« 
Monochordi '  (the  best  and  rasiest  temperament  of  the  monochord),  Jena,  1706 ; 
*  Sectio  canonis  hannonici,'  Konigsberg,  1 724.  Werckmeister  (oi^nist  at  Quedlinbuig, 
bom  1645,)  *  Musikalische  Temperatur/  Frankfurt  and  Leipzig,  1691. 
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any  right  principle.  They  always  attached  themselves  to  tlie 
Greek  system  of  Pythagoras,  and  imagined  only  that  it  was  neces- 
sary to  make  a  difference  between  cj^  and  cZj^,  or  between  fi^  and 
(/t>,  and  so  on.  But  that  is  not  by  any  means  sufficient,  and  is  not 
even  always  correct.  According  to  our  system  of  notation  we  may 
identify  cj^  with  d\^  *  but  we  must  distinguish  the  cj^  found  from 
the  relation  of  Fifths,  from  the  (^  found  from  the  relation  of 
Thirds.'  Hence  the  attempts  to  construct  instruments  with  com- 
plex arrangements  of  manuals  and  digitals,  have  led  to  no  result, 
which  was  at  all  commensurate  with  the  trouble  bestowed  upon 
them,  and  the  increased  difficulties  of  fingering  which  they  occa- 
sioned. The  only  instrument  of  the  kind  which  is  still  used  i» 
the  pedal  harp  a  double  mauvementj  on  which  the  intonation  ean 
be  changed  by  the  foot. 

Not  only  habitual  use,  and  the  absence  of  any  power  to  com- 
pare its  effects  with  those  of  just  intonation,  but  some  other 
circumstances  are  favourable  to  equal  temperament. 

First,  it  should  be  observed  that  the  disturbances  due  to  beats 
in  the  tempered  scale,  are  the  less  observable  the  swifter  the  motion 
and  the  shorter  the  duration  of  the  single  notes.  When  the  note 
is  so  short  that  but  very  few  beats  can  possibly  occur  while  it  lasts, 
the  ear  has  no  time  to  remark  their  presence.  The  beats  produced 
by  a  tempered  triad  are  the  following*: 

1.  Beats  of  the  tempered  Fifth.  Suppose  we  take  the  number 
of  vibrations  of  c'  to  be  264,  the  tempered  Fifth  & —  g'  would 
produce  9  beats  in  10  seconds,  partly  by  the  upper  partials,  and 
partly  by  the  combinational  tones.  These  beats  are  always 
quite  audible. 

2.  Beats  of  the  two  first  combinational  tones  of  c' —  ef  and 
ff —  g^  in  tempered  intonation ;  5f  in  the  second.  These  are 
plainly  audible  in  all  qualities  of  tones,  if  the  tones  themselves  are 
not  too  weak. 

3.  Beats  of  the  major  Third  (f —  e'  alone,  10^  in  the  second, 
which,  however,  are  not  plainly  audible  unless  the  qualities  of  tone 
employed  have  high  upper  partials. 

"  [That  is,  in  the  notation  of  Appendix  XIX.,  we  may  identify  fcJT  with  rfb ,  which 
IS  reaUj  one  skhisma  flatter. —  Translator.] 

*  [That  i«,  in  the  notation  of  Appendix  XIX.,  t^tt  found  from  c—ff  —  d  —  fa-^ 
f,_  f ft  -_  t/jj  —  fcU ,  from  cU  found  from  first  the  major  Third  c  —  e&nd  then  the 
Fifths  e  —  b  — Jt  —  c%  .—Translator.] 

»  [See  also  Appendix  XIX.,  Table  VI.,  D.-^  Translator,] 
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4.  Beats  of  the  minor  Third  c'  —  (/,  18  in  the  second,  mostly 
much  weaker  than  those  of  the  major  Third,  and  also  heard  only 
in  qualities  of  tone  having  high  upper  partials. 

All  these  beats  occur  twice  as  fast  when  the  chord  lies  an  Octave 
higher,  and  half  as  fisist  when  it  occurs  an  Octave  lower. 

Of  these  beats,  the  firsts  arising  from  the  tempered  Fifths,  have 
the  least  injurious  influence  on  the  harmoniousness  of  the  chord. 
They  are  so  slow  that  they  can  be  heard  only  for  very  slow  notes 
in  the  middle  parts  of  the  scale,  and  then  they  produce  a  slow 
undulation  of  the  chord  which  may  occasionally  have  a  good  effect. 
Beats  of  the  seoond  kind  are.  most  striking  for  the  softer  quality 
of  tone.  In  an  AUeffro,  of  four  crotchets  in  a  bar,  two  bars  occupy 
about  three  seconds.  If  then  the  tempered  chord  </ —  e' —  gr'  is 
played  on  a  crotchet  in  this  bar,  2{  of  these  beats  will  be  heard, 
so  that  if  the  tone  begins  soft,  it  will  swell,  decrease,  swell  again, 
decrease  and  then  finish.  It  would  be  certainly  worse  if  this  chord 
were  played  an  Octave  or  two  higher,  so  that  4^  or  8^  beats  could 
be  heard,  because  these  could  not  fail  to  strike  the  ear  as  a  marked 
roughness. 

For  the  same  reason  the  beats  of  the  third  and  fourth  kinds, 
arising  from  the  Thirds,  which  are  clearly  audible  on  harsher  quali- 
ties of  tone  (as  on  the  harmonium),  are  also  decidedly  disturb- 
ing in  the  middle  positions,  even  in  quick  time,  and  essentially 
injure  the  calmness  of  the  triad,  because  they  are  twice  and  thrice 
as  fast  as  the  others.  It  is  only  in  soft  qualities  of  tone  that  they 
are  but  little  observed,  or,  when  observed,  are  so  covered  by 
stronger  unbroken  tones  as  to  be  very  slightly  marked. 

Hence  in  rapid  passages,  with  a  soft  quality  and  moderate 
intensity  of  tone,  the  evils  of  tempered  intonation  are  but  little 
apparent.  Now,  almost  all  instriunental  music  is  designed  for  rapid 
movement,  and  this  forms  its  essential  advantage  over  vocal  music. 
We  might,  indeed,  raise  the  question  whether  instrumental  music 
had  not  rather  been  forced  into  rapidity  of  movement  by  this  very 
tempered  intonation,  which  did  not  allow  us  to  feel  the  full  har- 
moniousness of  slow  chords  to  the  same  extent  as  is  possible  from 
well-trained  singers,  and  that  instruments  had  consequently  been 
forced  to  renounce  this  branch  of  music. 

Tempered  intonation  was  first  and  especially  developed  on  the 
pianoforte,  and  hence  gradually  transferred  to  other  instruments. 
Now,  on  the  pianoforte  circumstances  really  favour  the  concealment 
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of  the  imperfections  due  to  temperament.  The  tones  of  a  piano- 
forte are  very  loud  only  at  the  moment  of  striking^,  and  their 
loudness  rapidly  diminishes.  This,  as  I  have  already  had  occasion 
to  mention,  causes  their  combinational  tones  to  be  audible  at  the 
first  moment  only,  and  hence  makes  them  very  difficult  to  hear. 
Beats  from  that  source  must  therefore  be  left  out  of  consideration. 
The  beats  which  depend  on  the  upper  partials  have  been  eliminated 
in  modem  pianofortes  (especially  in  the  higher  Octaves,  where  they 
would  have  done  most  harm),  owing  to  the  mode  in  which  upper 
partials  are  greatly  weakened  and  the  quality  of  tone  much  softened 
by  regulating  the  striking  place,  as  I  have  explained  in  Chap.  V. 
(p.  123).  Hence  on  a  pianoforte  tlie  deficiencies  of  the  intonation 
are  less  marked  than  on  any  instrument  with  sustained  tones,  and 
yet  they  are  not  quite  absent.  When  I  go  from  my  justly-intoned 
harmonium  to  a  grand  pianoforte,  every  note  of  the  latter  sounds 
fieilse  and  disturbing,  especially  when  I  strike  isolated  successions 
of  chords.  In  rapid  melodic  figures  and  passages,  and  in  arpeggio 
chords,  the  effect  is  less  disagreeable.  Hence  older  musicians 
especially  recommended  the  equal  temperament  for  the  pianoforte 
alone.  Matheson,  in  doing  so,  acknowledges  that  for  organs 
Silberman's  unequal  temperament,  in  which  the  usual  keys  were 
kept  pure,^  is  more  advantageous.  Emanuel  Bach  says  that  a 
correctly  tuned  pianoforte  has  the  most  perfect  intonation  of  all 
instruments,  which  in  the  above  sense  is  correct.  The  great 
diffusion  and  convenience  of  pianofortes  made  it  subsequently  the 
chief  instrument  for  the  study  of  music  and  its  intonation  the 
pattern  for  that  of  all  other  instruments. 

On  the  other  hand,  for  the  harsher  stops  on  the  organ,  as  the 
mixture  and  reed  stops,  the  deficiencies  of  equal  temperament  are 
•extremely  striking.  It  is  considered  inevitable  that  when  the  mix- 
ture stops  are  played  with  full  chords  an  awful  din  {hoUenldrm)  must 
ensue,  and  organists  have  submitted  to  their  fate.  Now  this  is 
mainly  due  to  equal  temperament,  because  if  the  Fifths  and  Thirds 
in  the  pipes  for  each  digital  of  the  mixture  stops  were  not  tuned 
justly,  every  single  note  would  produce  beats  by  itself.  But  when 
the  Fifths  and  Thirds  between  the  notes  belonging  to  the  different 
digitals  are  tuned  in  equal  temperament,  every  chord  furnishes  at 
once  tempered  and  just  Fifths  and  Thirds,  and  the  result  is  a  restless 

*  [Probably  this  was  the  mean  tone  tempcrdment  explained  an  p.  499,  note  3. — 
TratieUitor.] 
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blurred  confusion  of  sounds.  And  yet  it  is  precisely  on  the  organ 
it  would  be  so  easy  by  a  few  stops  to  regulate  the  action  for  each 
key  so  as  to  produce  harmonious  chords.* 

Whoever  has  heard  the  diflFerence  between  justly-intoned  and 
tempered  chords,  can  feel  no  doubt  that  it  would  be  the  greatest 
possible  gain  for  a  large  organ  to  omit  half  its  stops,  which  are 
mostly  mere  toys,  and  double  the  number  of  tones  in  the  Octave, 
so  as  to  be  able,  by  means  of  suitable  stops,  to  play  correctly  in 
all  keys.^ 

The  case  is  the  same  for  the  harmonium  as  for  these  stops  on 
the  organ.  Its  powerful  false  combinational  tones  and  its  gritty 
trembling  chords,  both  due  to  tempered  intonation,  are  certainly 
the  reason  why  many  musicians  pronounce  this  instrument  to  be  out 
of  tune,  and  dismiss  it  at  once  as  too  trying  to  the  nerves. 

*  From  Zammincr*s  book,  I  see  that  in  Silliman's  'American  Journal  of  Science '  for 
1850  there  is  a  description  of  an  organ  by  Poole,  which  is  tuned  jusUj  for  all  keys 
by  means  of  stops.     [See  Appendices  XVIII.  and  XIX.] 

*  [That  is,  as  correctly  as  on  the  author's  jut^tly-intoned  harmonium,  but  that  is  far 
too  deficient  in  power  of  modulation  into  minor  keys,  to  make  it  worth  while  to  construct 
it  on  a  great  organ.  In  Appendix  XIX.  it  will  be  shewn  that  at  least  forty-eight 
degrees  of  tone  are  required  for  this  purpose,  which  would  require  the  omission  of 
three-quart irs  instead  of  one-half  of  the  stops.  In  the  same  Appendix  it  wiU  be  shewn 
that  it  is  possible  at  present  by  simple  tuning  to  play  perfectly  by  means  of  four  per- 
formers on  four  ordinary  organs,  harmoniums,  or  pianofortes,  and  that  therefore  the 
difficulty  reduces  itself  in  the  first  place  to  determining  what  notes  should  be  played. 
This  is  not  alwjtys  a  slight  difficulty,  because  temperaments  from  the  first  (whether 
tho  mean  tone  or  the  equal  temperament)  proceeded  on  the  principle  of  ignoring  the 
difference  of  a  comma,  as  explained  in  Appendix  XIX.,  Section  C,  and  consequently 
the  composers  neyer  allowed  for  tliis  difference.  If,  then,  we  wer«  always  to  pursue  the 
natural  course  of  the  harmony  we  should  be  led  far  away  from  the  original  key,  and 
if  we  were  to  keep  to  the  original  key,  we  should  hare  to  make  enharmonic  changes 
in  the  harmony.  The  difficulty  lies  in  seeing  how  to  introduce  these.  Tho  Toioe  and 
bowed  instruments  easily  glide  over  this  difficulty,  but  the  theorist  has  to  reduce  it  to 
paper,  and  the  player  of  instruments  with  fixed  tones  feels  and  hears  it  strongly. 
Such  modulations  as  those  in  the  passages  from  Don  Giovanni  cited  on  p.  477,  present 
great  difficulties  in  this  respect.  AVe  see,  then,  that  before  just  intonation  can  become 
established  in  the  highest  walks  of  music,  theoreticians  must  come  to  understand  its 
moaning.  In  Appendix  XIX.,  Sections  D,  E,  and  F,  I  have  endeavoured  to  lay  down 
some  elementary  principles  which  will  be  of  assistance  in  this  respect.  The  use  of  the 
duodenal  as  exemplified  in  the  stafif  notation  on  pp.  471,  472,  475  and  476,  wiU  render 
the  written  expression  of  the  value  of  the  notes  comparatively  easy,  without  interfering 
in  the  slightest  degree  with  the  habits  of  musical  notation.  The  difficulty  is  consequently 
reduced  to  determining  the  duodene  in  which  any  chord  occurs,  and  that  difficulty  results 
from  the  habits  of  composers  in  systematically  ignoring  the  difference  of  a  comma 
between  the  Second  of  any  major  Scale  and  the  Sixth  of  the  msgor  Scale  of  its  sub- 
dominant.  It  is  very  proKible  that  great  changes  in  the  conduct  of  modulation  would 
result  from  the  acceptance  of  just  intonation  by  composers. —  Translator.'] 
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Orchestral  instruments  can  generally  alter  their  pitch  slightly. 
Bowed  instruments  are  perfectly  unfettered  as  to  intonation; 
wind  instruments  can  l)e  made  a  little  sharper  or  flatter  by 
blowing  with  more  or  less  force.  They  are,  indeed,  all  adapted  for 
equal  temperament,  but  good  players  have  the  means  of  indulging 
the  ear  to  some  extent.  Hence,  passages  in  Thirds  for  wind 
instruments,  when  executed  by  indifferent  players,  often  sound 
desperately  false  {verztveifeU  fal8ch\  whereas  good  performers, 
with  delicate  ears,  make  them  sound  perfectly  well. 

The  bowed  instruments  are  peculiar.  From  the  first  they  have 
retained  their  tuning  in  perfect  Fifths.  The  violins  themselves 
have  the  perfect  Fifths,  G  —  D  —  A  —  E.  The  tenor  and  violon- 
cello give  the  Fifth  C — Om  addition.  Now,  every  scale  has  its 
own  peculiar  fingering,  and  hence  every  pupil  could  be  easily 
practised  in  playing  each  scale  in  its  proper  intonation,  and  then, 
of  course,  tones  of  the  same  name  but  in  different  keys  could  not 
be  stopped  in  the  same  way,  and  even  the  major  Third  of  the 
major  scale  of  (7,  when  the  C  of  the  tenor  is  taken  as  the  tonic, 
must  not  be  played  on  the  E  string  of  the  violin,  because  this 
gives  E  and  not  E,^  Nevertheless,  the  modem  school  of  violin- 
playing  since  the  time  of  Spohr,  aims  especially  at  producing 
equally-tempered  intonation,  although  this  cannot  be  completely 

'  [This  supposes  the  violin  and  tenor  to  be  tuned  bj  the  Fifths  C —  G  — D  —  f^ 
—  t^,  in  the  key  of  D,  and  hence  the  first  string  would  give  f^  a  comma  sharper 
than  E,  the  major  Third  of  C,  But  the  violin  is  really  always  tuned  by  a',  by  which 
orchestral  tuning  is  always  guided,  and  is  henoe  in  the  key  of  Xd,  Now  if  wo  take 
a' »  440,  this  would  give  for  the  open  strings  of  the  tenor  and  violin,  the  perfect  Fifths 
Jc — Xg  —  X^  —  ^'  —  *"•  If  "w<^  compare  these  vnih.  the  corresponding  tempered 
Fifths  we  have  the  following  result  for  the  vibrational  numbers : — 


e" 

Just 

1 

Equal 

660  000 

657*730 

o' 

440000 

a' 

440*000 

%d' 

293333 

cP 

293-665 

%9 

195555 

9 

195*998 

Xc 

130-370 

c 

130-813 

Where  it  is  seen  that  below  a'  the  Fifths  are  sharper,  and  as  the  pitch  is  lower  the  beats 
would  be  fewer  and  hence  less  distinctly  heard,  but  for  the  higher  e"  the  2-26  beati} 
in  a  second  would  be  distinct.  Of  course  in  the  key  of  tempered  c  the  orchestra  would 
be  throughout  sharper  than  the  tenor  and  violoncello,  if  the  open  string  were  taken 
as  the  standard. — Transiafor.] 
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attained,  owing  to  the  perfect  Fifths  of  the  open  strings.* 
At  any  rate,  the  acknowledged  intention  of  present  vioUn- 
players  is  to  produce  only  12  degrees  in  the  Octave.  The 
sole  exception  which  they  allow  is  for  double-stop  passages, 
in  which  the  notes  have  to  be  somewhat  diflFerently  stopped  from 
what  they  are  when  played  alone.  But  this  exception  is  decisive. 
In  double-stop  passages  the  individual  player  feels  himself  respon- 
sible for  the  harmoniousness  of  the  interval,  and  it  lies  completely 
within  his  power  to  make  it  good  or  bad.  Any  violin-player  will 
easily  be  able  to  verify  the  following  fact.  Tune  the  strings  of  the 
violin  in  the  perfect  Fifths  0  —  D  —  A  —  Ey  and  find  where  the 
finger  must  he  pressed  on  the  A  string  to  produce  the  By  which 
will  give  a  perfect  Fourth  B  —  E.  Now,  let  him,  without  moving 
his  finger,  strike  this  same  B  with  the  open  D  string.  The  intervid 
D — B  would,  according  to  the  usual  view,  be  a  major  Sixth,  but  it 
would  be  a  Pythagorean  one.  In  order  to  obtain  the  consonant 
Sixth  D  —  S,  the  finger  would  have  to  be  drawn  back  for  about 
1|-  Paris  lines  (nearly  -^V  i^ch),  a  distance  quite  appreciable  in 
stoppings,  and  sufficient  to  alter  the  pitch  and  the  beauty  of  the 
consonance  most  perceptibly. 

But  it  is  clear  that  if  individual  players  feel  themselves 
obliged  to  distinguish  the  different  values  of  the  notes  in  the 
different  consonances,  there  is  no  reason  why  the  bad  Thirds  of 
the  Pythagorean  series  of  Fifths  should  be  retained  in  quartett 
playing.  Chords  of  several  parts,  executed  by  several  performers 
in  a  quartett,  often  sound  very  ill,  even  when  each  single  one  of 
the  performers  is  an  excellent  solo-player  ;  and,  on  the  other  hand, 
when  quartetts  are  played  by  finely-cultivated  artists,  it  is 
impossible  to  detect  any  false  consonances.  To  my  mind  the  only 
assignable  reason  for  these  results  is  that  practised  violinists  with 
a  delicate  sense  of  harmony,  know  how  to  stop  the  tones  they  want 
to  hear,  and  hence  do  not  submit  to  the  rules  of  an  imperfect 
school.  That  performers  of  the  highest  rank  do  really  play  in 
just  intonation,  has  been  directly  proved  by  the  very  interesting 
and  exact  results  of  Delezenne.^     This  observer  determined  the 

*  [Hence,  perhaps,  the  rule  of  aToiding  open  strings.  For  the  J^  string  of  the 
violin  and  Jc  string  of  the  tenor  the  difference  is,  however,  too  slight  to  be  of  conse- 
quence, and  these  are  the  only  open  strings  which  cannot  be  avoided.— 7Vtiw«/a^or.] 

*  *  Kocueil  des  Travaux  de  la  Soci^ti  des  Sciences,  do  TAgriculture,  et  des  Arts  de 
Lille,  1826  et  premier  semcstre  1827  ;  Memoire  sur  les  Valeurs  numerique  des  Notes 
de  la  Gamme,'  par  M.  Dclezenne.  For  observations  on  corresponding  circumstances  in 
singing,  see  below,  Appendix  XVIII. 
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individual  notes  of  the  major  scale,  as  it  was  played  by  distin- 
guished violinists  and  violoncellists,  by  means  of  an  accurately 
gauged  string,  and  found  that  these  players  produced  correctly 
perfect  Thirds  and  Sixths,  and  neither  equally  tempered  nor 
Pjrthagorean  Thirds  or  Sixths.  I  was  fortunate  enough  to  have  an 
opportunity  of  making  similar  observations  by  means  of  my  har- 
monium on  Herr  Joachim.  He  tuned  his  violin  exactly  with  the 
g  —  d  —  a  —  6  of  my  instrument.  I  then  requested  him  to  play 
the  scale,  and  immediately  he  had  played  the  Third  or  Sixth,  I 
gave  the  corresponding  note  on  the  harmonium.  By  means  of 
beats  it  was  easy  to  determine  that  this  distinguished  musician 
used  h  and  not  b  as  the  major  Third  to  g^  and  6  not  e  as  the  Sixth.* 
But  if  the  best  players  who  are  thoroughly  acquainted  with  what 
they  are  playing  are  able  to  overcome  the  defects  of  their  school  and 
of  the  tempered  system,  it  would  certainly  wonderfully  smooth 
the  path  of  performers  of  the  second  order,  in  their  attempts  to 
attain  a  perfect  ensemble^  if  they  had  been  accustomed  from  the 
first  to  play  the  scales  by  natural  intervals.  The  greater  trouble 
attending  the  first  attempts  would  be  amply  repaid  by  the  result 
when  the  ear  has  once  become  accustomed  to  hear  perfect  conso- 
nances. It  is  really  much  easier  to  apprehend  the  differences 
between  notes  of  the  same  name  in  just  intonation  than  people 
usually  imagine.  A  confusion  between  a  and  a  in  a  consonant 
chord  on  my  harmonium  strikes  me  with  the  same  readiness  and 
certainty  as  a  confusion  between  A  and  ^[^  on  a  pianoforte. 

I  am,  however,  too  little  acquainted  with  the  technicalities  of 
violin-playing,  to  attempt  making  any  proposals  for  a  definite 
regulation  of  the  tonal  system  of  bowed  instruments.  This  must 
be  left  to  masters  of  this  instrument  who  at  the  same  time  possess 

*  Messrs.  Cornu  and  Mercadier  have  lately  published  contradictory  observations. 
(Comptes  Rendus  de  I'Acad.  des  Sc.  de  Paris,  8  ct  22  F^vrier,  1869.)  They  let  a 
musician  play  the  Third  of  a  major  chord  first  in  melodic  succession,  and  then  in 
harmonious  consonance.  In  the  latter  case  it  was  always  4  :  5.  But  in  melodic 
succession  the  performer  selected  a  somewhat  sharper  Third.  I  am  bound  to  reply, 
that  in  melodic  succession  the  major  Third  is  not  a  very  characteristically  determined 
interval,  and  that  all  living  musicians  have  been  accustomed  to  sharp  Thirds  on  the 
pianoforte.  In  the  simple  succession  e  —  e  — g^  when  isolated  from  the  rest  of  the  scale, 
I  find  it  difficult  to  distinguish  between  the  just  and  the  Pythagorean  major  Third, 
But  when  I  play  on  my  harmonium  the  complete  melody  of  some  well-known  air 
without  harmonies  the  Pythagorean  Third  always  feels  to  me  strained,  the  perfect 
Third  calm  and  soft.  It  is  only  in  the  leading  note,  perhaps,  that  the  sharper  Third 
is  more  expressive. 
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the  powers  of  a  composer.  Such  men  will  readily  convince  them- 
selves by  the  testimony  of  their  ears,  that  the  facts  here  adduced 
are  correct,  and  perceive  that  far  from  being  useless  mathematical 
speculations,  they  are  practical  questions  of  very  great  importance. 

The  case  is  precisely  similar  for  our  present  singers.  For 
singing,  intonation  is  perfectly  free,  whereas  on  bowed  instru- 
ments, the  five  tones  of  the  open  strings  at  least  have  an  unalter- 
able pitch.  In  singing  the  pitch  can  be  made  most  easily  and 
perfectly  to  follow  the  wishes  of  a  fine  musical  ear.  Hence  all 
music  began  with  singing,  and  singing  will  always  remain  the 
true  and  natural  school  of  all  music.  The  only  intervals  which 
singers  can  strike  with  certainty  and  perfection,  are  such  as  they 
can  comprehend  with  certainty  and  perfection,  and  what  the 
singer  easily  and  naturally  sings  the  hearer  wiU  also  easily  and 
naturally  hear. 

Down  to  the  seventeenth  century  singers  were  practised  by  the 
monochord  for  which  Zarlino  in  the  middle  of  the  sixteenth  cen- 
tury reintroduced  the  correct  natural  intonation.  Singers  were 
then  practised  with  a  degree  of  care  of  which  we  have  at  present 
no  conception.  We  can  even  now  see  from  the  Italian  music  of 
the  fifteenth  and  sixteenth  centuries  that  they  were  calculated  for 
most  perfect  intonation  of  the  chords,  and  that  their  whole  effect 
is  destroyed  as  soon  as  this  intonation  is  insufficiently  perfect. 

But  it  is  impossible  not  to  acknowledge  that  at  the  present  day 
few  even  of  our  opera  singers  are  able  to  execute  a  little  piece  for 
several  voices,  when  either  totally  unaccompanied,  or  at  most 
accompanied  by  occasional  chords,  (as,  for  example,  the  trio  for  the 
three  masks,  Protegga  il  giusto  cieloy  from  the  finale  to  the  first 
act  of  Mozart's  Don  Giovanni^)  in  a  manner  suited  to  give  the 
hearer  a  full  enjoyment  of  its  perfect  harmony.  The  chords  almost 
always  soimd  a  little  sharp  or  uncertain,  so  that  they  disturb  a 
musical  hearer.  But  where  are  our  singers  to  learn  just  intona- 
tion and  make  their  ears  sensitive  for  perfect  chords  ?  They  are 
from  the  first  taught  to  sing  to  the  equally-tempered  pianoforte. 
If  a  major  chord  is  struck  as  an  accompaniment,  they  may  sing  a 
perfect  consonance  with  its  root,  its  Fifth,  or  its  Third.  This  gives 
them  about  the  fifth  part  of  a  semitone  for  their  voices  to  choose 
from  without  decidedly  singing  out  of  harmony,  and  even  if  they 
sing  a  little  sharper  than  consonance  with  the  sharp  Third  requires, 
or  a  little  flatter  than  consonance  with  the  flat  Fifth  requires,  the 
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harmoniousness  of  the  chord  will  not  be  really  much  more 
damaged.  The  singer  who  practises  to  a  tempered  instrument 
has  no  principle  at  all  for  exactly  and  certainly  determining  the 
pitch  of  his  voice.^ 

On  the  other  hand,  we  often  hear  four  musical  amateurs  who 
have  practised  much  together,  singing  quartetts  in  perfectly  just 
intonation.  Indeed,  my  own  experience  leads  me  almost  to  affirm 
that  quartetts  are  more  frequently  heard  with  just  intonation 
when  sung  by  young  men  who  scarcely  sing  anything  else  and 
often  and  regularly  practise  them,  than  when  sung  by  instructed 
solo  singers  who  are  accustomed  to  the  accompaniment  of  the 
pianoforte  or  the  orchestra.  But  correct  intonation  in  singing  is 
BO  far  above  all  others  the  first  condition  of  beauty,  that  a  song 
when  sung  in  correct  intonation  even  by  a  weak  and  unpractised 
voice  always  sounds  agreeable,  whereas  the  richest  and  most  prac- 
tised voice  offends  the  hearer  when  it  sings  false,  or  sharpens. 

The  case  is  the  same  as  for  bowed  instruments.  The  instruc- 
tion of  our  present  singers  by  means  of  tempered  instruments  is 
unsatisfactory,  but  those  who  possess  good  musical  talents  are 
ultimately  able  by  their  own  practice  to  strike  out  the  right  path 
for  themselves,  and  overcome  the  error  of  their  original  instruc- 
tion. They  even  succeed  the  earlier,  perhaps,  the  sooner  they  quit 
school,  although,  of  coiu^e,  I  do  not  mean  to  deny  that  fluency  in 
singing,  and  the  disuse  of  all  kinds  of  bad  ways  can  only  be 
acquired  in  school. 

It  is  clearly  not  necessary  to  temper  the  instruments  to  which 
the  singer  practises.  A  single  key  suffices  for  these  exercises,  and 
that  can  be  correctly  tuned.  We  do  not  require  to  use  the  same 
piano  for  the  teaching  to  sing  and  for  playing  sonatas.  Of  course 
it  would  be  better  to  practise  the  singer  to  a  justly-intoned  organ 
or  harmonium  in  which  by  means  of  two  manuals  all  keys  may  be 
used.^     Sustained  tones  are  preferable  as  an  accompaniment  be- 

»  See  Appendix  XVIII. 

*  [Voices  differ  so  much  that  the  same  pitch  for  the  tonic,  that  is  the  same  key, 
would  not  suit.  The  Tonic-Solfaista  teach  without  any  accompaniment,  not  even  that 
of  the  toachpr's  voice,  but  rapidly  introduce  part  music.  But  such  instruments  as  the 
kspht harmonium  OT  hexharmonium  (App.  XIX.,  Sect,  G,  No.  10),  which  offer  no  mechani- 
cal difficulties  that  have  not  been  already  overcome,  and  which  admit  of  a  great  variety 
of  modulation,  and  several  varieties  of  tonic,  would  probably  be  of  great  service  to 
singers  for  home  practice.  In  classes  the  trioni  or  quartoni  arrangements  for  three  or 
four  performers  (ibid,,  Nos.  6  and  7)  would  give  everything  that  could  possibly  be 
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cause  the  singer  himself  can  immediately  hear  the  beats  between 
the  instrument  and  his  voice  when  he  alters  the  pitch  slightly. 
Draw  his  attention  to  these  beats,  and  he  will  then  have  a  means 
of  checking  himself  in  the  most  decisive  manner.  This  is  veiy 
easy  on  my  justly- intoned  harmonium,  as  I  know  by  experience. 
It  is  only  after  the  singer  has  learned  to  hear  every  slight  devia- 
tion from  correctness  announced  by  a  striking  incident,  that  it 
becomes  possible  for  him  to  r^^ate  the  motions  of  his  larynx 
and  the  tension  of  his  vocal  chords  with  suflScient  delicacy  to 
produce  the  tone  which  his  ear  desires.  When  we  require  a 
delicate  use  of  the  muscles  of  any  part  of  the  human  body,  as, 
in  this  case,  of  the  larynx,  there  must  be  some  sure  means  of 
ascertaining  whether  success  has  been  attained.  Now  the  presence 
or  absence  of  beats  gives  such  a  means  of  detecting  success  or 
failure  when  a  voice  is  accompanied  by  sustained  chords  in  just 
intonation.  But  tempered  chords  which  produce  beats  of  their 
own  are  necessarily  quite  unsuited  for  such  a  purpose. 

Finally,  we  cannot,  I  think,  fail  to  recognise  the  influence  of 
tempered  intonation  upon  the  style  of  composition.  The  first 
effect  of  this  influence  was  favourable.  It  allowed  composers  as 
well  as  players  to  move  freely  and  easily  into  all  keys,  and  thus 
opened  up  a  new  wealth  of  modulation.  On  the  other  hand,  we 
also  cannot  fail  to  recognise  that  the  alteration  of  intonation  com- 
pelled composers  to  have  recourse  to  some  such  wealth  of  modu- 
lation. For  when  the  intonation  of  consonant  chords  ceased  to 
be  perfect,  and  the  differences  between  their  various  inversions 
and  transpositions  were,  as  a  consequence,  nearly  obliterated,  it 
was  necessary  to  use  more  powerful  means,  to  have  recourse  to  a 
frequent  employment  of  harsh  dissonances,  and  to  endeavour  by 
less  usual  modulations  to  replace  the  characteristic  expression, 
which  the  harmonies  proper  to  the  key  itself  had  ceased  to  possess. 
Hence  in  many  modem  compositions  dissonant  chords  of  the 
dominant  Seventh  form  the  majority,  and  consonant  chords  the 
minority,  yet  no  one  can  doubt  that  this  is  the  reverse  of  what 
ought  to  be  the  case ;  and  continual  bold  modulational  leaps 
threaten  entirely  to  destroy  the  feeling  for  tonality.     These  are 

required  for  the  most  complicated  pieces  of  music ;  while  for  practice  on  a  smaU 
scale  the  experimental  harmonium  (ibid.,  No.  2)  or  just  concertina  (ibid..  No.  1)  ofiers 

great  facilities,  as  they  are  solo  instruments  and  can  bo  prepared  by  simpTe  tuning. 

Translator.] 
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unpleasant  symptoms  for  the  further  development  of  art.  The 
mechanism  of  instruments  and  attention  to  their  convenience, 
threaten  to  lord  it  over  the  natural  requirements  of  the  ear,  and 
to  destroy  once  more  the  principle  upon  which  modern  musical 
art  is  foimded,  the  steady  predominance  of  the  tonic  tone  and 
tonic  chord.  Our  last  greatest  composers,  Mozart  and  Beethoven, 
were  yet  at  the  commencement  of  the  reign  of  equal  tempera- 
ment. Mozart  had  still  an  opportunity  of  making  extensive 
studies  in  the  composition  of  song.  He  is  master  of  the  sweetest 
possible  harmoniousness,  where  he  desires  it,  but  he  is  almost  the 
last  of  such  masters.  Beethoven  eagerly  and  boldly  seized  the 
wealth  oflfered  by  instrumental  music,  and  in  his  powerful  hands 
it  became  the  appropriate  and  ready  tool  for  producing  effects 
which  none  had  hitherto  attempted.  But  he  used  the  hiunan 
voice  as  a  mere  handmaid,  and  consequently  she  has  also  not 
lavished  on  him  the  highest  magic  of  her  beauty. 

And  after  all,  I  do  not  know  that  it  was  so  necessary  to  sacrifice 
purity  of  intonation  to  the  convenience  of  musical  instruments. 
As  soon  as  violinists  have  resolved  to  play  every  scale  in  just 
intonation,  which  can  scarcely  occasion  any  difficulty,  the  other 
orchestral  instruments  will  have  to  suit  themselves  to  the  correcter 
intonation  of  the  violins.  Horns  and  trumpets  have  already 
naturally  just  intonation. 

Moreover,  we  must  observe  that  when  just  intonation  is  made 
the  groundwork  of  modulations,  even  comparatively  simple  modu- 
lational  excursions  will  occasion  enharmonic  confusions  (amounting 
to  a  comma)  which  do  not  appear  as  such  in  the  tempered 
system.* 

To  me  it  seems  nece^jsary  that  the  new  tonic  into  which  we 
modulate  should  be  related  to  the  tonic  in  which  we  are  playing ; 
the  nearer  the  relationship,  the  more  striking  the  transition. 
Again,  it  is  not  advisable  to  remain  long  in  a  key  which  is  not 
related  to  the  principal  tonic  of  the  piece.  With  these  principles 
the  rules  for  modulation  usually  given  coincide.  The  easiest  and 
most  usual  transitions  are  into  the  key  of  the  dominant  or  sub- 
dominant,  these  tones  being,  as  is  well  known,  the  nearest  relations 
of  the  first  tonic.  Hence  if  the  original  key  is  (7,  we  can  pass 
immediately  into  0  major,  and  thus  change  the  tones  F  and  A 
of  the  scale  of  C  major  into  Fij^  and  A.     Or  we  can  pass  intp  F 

■  [See  p.  504,  note  2,  and  page  527,  note. — Translator.^ 
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major  by  exchanging  B  and  D  for  B\}  and  Z).  After  this  step  has 
been  made,  the  music  will  often  pass  into  a  key  with  a  tonic 
related  to  C  in  the  second  degree  only,  as  from  6  to  D  or  frt)m  F 
to  B\}.  By  proceeding  in  this  way  we  should  come  to  keys  as  A 
and  £|>,  of  which  the  relation  to  the  original  tonic  C  would  be  very 
obscure  and  in  which  it  would  certainly  not  be  advisable  to  remain 
long  for  fear  of  too  much  weakening  the  feeling  for  the  original  tonic  J 
Again,  we  may  also  modulate  from  the  principal  tonic  C  to  its 
Thirds  and  Sixths,  to  E  and  A  or  S[}  and  A]}.  In  tempered 
intonation  these  changes  seem  to  be  the  same  as  from  G  and  D  to 
A  and  JF,  or  from  F and  B\}  to  JS\p  and  A\}.  But  they  differ  in 
the  pitch,  as  shewn  by  the  different  marks  A  and  A^  &c.  In  the 
tempered  intonation  it  seems  allowable  to  go  by  a  Sixth  from  c  tx) 
the  key  a,  and  then  by  Fifths  back,  to  d,  g^  and  then  c  again.  But 
in  reality  we  thus  reach  a  different  c  from  that  with  which  we 
began.  By  such  a  transition,  which  is  certainly  not  quite  natural, 
we  should  be  obliged  to  make  an  enharmonic  exchange  [alteration 
of  pitch  by  a  comma],  and  this  would  be  best  done  while  in  the 
key  of  cZ,  since  both  d  and  d  are  related  to  c  in  the  second  degree.' 
In  the  complicated  modulations  of  modem  composers  such  enhar- 
monic changes  will  of  course  have  to  be  often  made.   A  cultivated 

'  [In  the  notation  of  Appemlix  XIX.  wo  proceod  to  G  major  by  introducing  Ft 
and  t^  for  F  and  Ay  and  to  F  major  by  introducing  Z?b  and  |Z)  in  place  of  2/  and  D. 
¥oT  each  new  major  key  we  therefore  change  two  notes.  Hence  when  wo  have  made 
the  transition  to  D  major  or  Bb  major,  four  notes  are  changed,  and  wlien  we  hare 
made  the  transition  to  'fd  major  or  Eb  major,  six  notes  are  changed,  and  only  2>  vill 
remain  in  the  first  case,  and  only  F  in  the  second,  out  of  the  original  scale.  For  the 
whole  subject  of  modulation  in  just  inttiuation  see  Appendix  XIX.,  Sections  D,  E  and 
1\— Translator.] 

'  [It  is  interesting  to  observe  how  it  happens  that  such  a  modulation  would  return 
to  the  original  c  in  tempered  intonation.  The  sixth  a  is  already  ^  of  a  comma  too 
sharp  (see  p.  487)i  and  hence  a  change  almost  amounting  to  the  required  comma  has 
been  effected  within  the  key  itself.  Then  each  fifth  being  ^  of  a  comma  too  flat,  the 
fall  to  d  makes  d  in  this  case  -^  of  a  comma  too  sharp,  the  fall  to  g  mnkes  ^  {y  of  a 
comma  too  sharp,  and  the  fall  to  c  makes  c  ||,  that  is  a  whole  comma,  too  sharp  for 
just  intonation ;  and  consequently  the  Xe  of  just  intonation  has  been  rsiised  to  c.  This 
could  therefore  be  best  imitated  by  using  fA  for  A  in  the  first  change.  But  there 
would  be  this  difference,  that  the  sharp  A  of  tempered  intonation  was  used  in  the 
original  key,  and  no  ear  used  to  just  intonation  would  endure  fA  in  the  original 
key.  Hence  there  must  be  a  jump.  It  is  precisely  hero,  in  the  modulation 
through  the  m:ijor  Sixth,  that  those  who  study  just  intonation  on  paper  or  on  instru- 
ments without  fixed  tones  (as  the  voice  and  violin)  differ  fi*om  those  who  study  it  on 
instruments  with  fixed  tones.  The  fonnor  find  no  difficulty  in  the  leap.  The  latter 
find  it  unnatural  and  impossible.     And  so  it  appears  to  me. —  Translator.'] 
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taste  will  have  to  judge  in  each  individual  case  how  they  are  to 
be  introduced,  but  it  will  be  probably  advisable  to  retain  the  rules 
already  mentioned,  and  to  choose  the  intonation  of  the  new 
tonics  introduced  by  modulation  in  such  a  manner  as  will  keep 
them  as  closely  related  to  the  principal  tonic  as  possible.  Enhar- 
monic changes  are  least  observed  when  they  are  made  immediately 
before  or  after  strongly  dissonant  chords,  as  those  of  the  diminished 
Seventh.  Such  enharmonic  changes  of  pitch  are  already  some- 
times clearly  and  intentionally  made  by  violinists,  and  where  they 
are.suitable  even  produce  a  very  good  eflFect.* 

'  See  oxamples  in  C.  E.  NaumaDD's  <  Bestimmungen  der  Tonverhaltnisse*  (Deter- 
minations of  the  Tonal  Ratiofl),  Leipzig.  1S6S,  pp.  48,  sqq. 
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CHAPTER  XVII. 

OF  DISCORDS. 

When  voices  move  forward  melodically  in  part  miisic,  the  general 
rule  is  that  they  must  form  consonances  which  each  other.  For 
it  is  only  as  long  as  they  are  consonant,  that  there  is  an  iminter- 
rupted  fusion  of  the  corresponding  auditory  sensations.  As  soon 
as  they  are  dissonant  the  individual  parts  mutually  disturb  each 
other,  and  each  is  a  hindrance  to  t\ie  free  motion  of  the  other.  To 
this  esthetic  reason  must  be  added  the  purely  physical  considera- 
tion, that  consonances  cause  an  agreeable  kind  of  gentle  and  uni- 
form excitement  to  the  ear  which  is  distinguished  by  its  greater 
variety  from  that  produced  by  a  single  compound  tone,  whereas 
the  sensation  caused  by  intermittent  dissonances  is  distressing  and 
exhausting. ' 

However,  the  rule  that  the  various  parts  should  make  conson- 
ances with  each  other,  is  not  without  exception.  The  esthetic 
reason  for  this  rule  is  not  opposed  to  an  occasional  and  temporary 
dissonance  among  the  various  parts,  provided  the  motion  of  the 
parts  is  so  contrived  as  to  make  the  directions  of  the  different 
voices  perfectly  easy  to  follow  >^y  the  ear.  Hence,  in  addition  to  the 
general  laws  of  scale  and  key,  to  which  the  direction  of  every  part 
is  subject,  there  are  particular  rules  for  the  progression  of  voices 
through  discords.  Again,  dissonances  cannot  be  entirely  excluded 
because  consonances  are  physically  more  agreeable.  Though  the 
physically  agreeable  is  an  important  adjunct  and  support  to  esthetic 
beauty,  it  is  certainly  not  identical  with  it.  On  the  contrary,  in 
all  arts  we  frequently  employ  its  opposite,  the  physically  disagree- 
able, partly  to  bring  the  beauty  of  the  first  into  relief,  by  contrast^ 
and  partly  to  gain  a  more  powerful  means  for  the  expression  of 
passion.  Dissonances  are  used  for  similar  purposes  in  music.  They 
are  partly  means  of  contrast,  to  give  prominence  to  the  impression 
made  by  consonances,  and  partly  means  of  expression,  not  merely 
for  peculiar  and  isolated  emotional  disturbances,  but  generally  to 
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heighten  the  impression  of  musical  progress  and  impetus,  be* 
when  the  ear  has  been  distressed  by  dissonances  it  longs  to  n 
to  the  calm  current  of  pure  consonances.  It  is  for  this  last  n 
that  dissonances  are  prominently  employed  immediately  befor 
conclusion  of  a  piece,  where  they  were  r^darly  introduced 
by  the  old  masters  of  medieval  polyphony.  But  to  effect 
object  in  using  them,  the  motion  of  the  parts  must  be  so 
ducted  that  the  hearer  can  feel  throughout  that  the  parti 
pressed  forward  through  the  dissonance  to  a  following  conson 
and,  although  this  may  be  delayed  or  frustrated,  the  anticip: 
of  its  approach  is  the  only  motive  which  justifies  the  exist 
of  the  dissonances. 

Since  any  relation  of  pitch  which  cannot  be  expressed  in  i 
numbers  is.dissonant,  and  it  is  only  the  number  of  the  consom 
which  is  limited,  the  number  of  possible  dissonances  woul 
infinite  were  it  not  that  the  individual  parts  composing  a  dii 
in  music  must  necessarily  obey  the  laws  of  melodic  motion, 
is,  must  lie  within  the  scale.  Consonances  have  an  indepei 
right  to  exist.  Our  modem  scales  have  been  formed  upon  t 
But  dissonances  are  allowable  only  as  transitions  between 
sonances.  They  have  no  independent  right  of  existence,  and 
parts  composing  them  are  consequently  obliged  to  move  withii 
d^^ree  of  the  scales,  by  the  same  laws  that  were  establishe 
favour  of  the  consonances. 

On  proceeding  to  a  detailed  consideration  of  the  sep 
dissonant  intervals,  it  should  be  remembered  that  in  theorc 
music  the  normal  position  of  discords  is  taken  to  be  that  v 
arranges  their  tones  as  a  series  of  Thirds.  This,  for  exampl 
the  rule  for  the  chord  of  the  dominant  Seventh,  which  coubU 
the  root,  its  Third,  Fifth,  and  Seventh.  The  Fifth  forms  a  1 
with  the  Third,  and  the  Seventh  forms  a  Third  with  the  F 
Hence  we  can  consider  a  Fifth  to  be  composed  of  two,  a: 
Seventh  of  three  Thirds.  By  inverting  Thirds  we  obtain  Si; 
by  inverting  Fifths  we  obtain  Fourths,  and  by  inverting  Sevc 
we  obtain  Seconds.  In  this  way  all  the  intervals  in  the  scah 
reproduced. 

Using  the  present  modification  of  Hauptmann's  notation, 
easily  seen  how  different  intervals  of  the  same  name  must  c 
from  each  other  in  magnitude.     We  have  only  to  remember 
c  is  a  comma  higher  than  c,  and  e  two  commas  lower  than  t 
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one  comma  lower  than  c,  and  that  the  comma  is  about  the  fifth 
part  of  a  Semitone. 

To  obtain  a  general  view  of  both  the  magnitude  and  roughness 
of  the  dissonant  intervals,  I  have  constructed  fig.  61  (p.  520),  in 
which  the  curve  of  roughness  is  copied  from  fig.  60  A  (p.  292). 
The  base  line  X  Y  signifies  the  interval  of  an  Octave,  upon  which 
the  individual  consonant  and  dissonant  intervals  are  set  off  from 
X,  according  to  their  magnitude  on  this  scale.*  On  the  lower  side 
of  the  base  are  marked  the  twelve  equal  Semitones  of  the  equally- 
tempered  scale,  and  on  the  upper  side  the  consonant  and  dissonant 
intervals  which  occur  in  justly-intoned  scales.  The  magnitude  of 
the  interval  is  always  to  be  measured  on  the  base  line  from  X  to 
the  corresponding  veistical  note.*  The  vertical  lines  corresponding 
to  the  consonances  have  been  produced  to  the  upper  margins  of  the 
diagram,  and  those  for  the  dissonances  have  been  made  shorter.' 
The  length  of  the  verticals  intercepted  between  the  base  and  the 
curve  of  roughness  shews  the  comparative  degree  of  roughness 
probably  possessed  by  the  interval  when  played  in  a  violin  quality 
of  tone.* 

>  [That  is,  assaming  X  Y  to  represent  log.  2  «  '30103,  the  distanoe  from  X  of  any 
line  shewing  the  interval,  gives  the  log.  of  the  ratio  of  that  interval. — IVanalaior.'] 

'  [But  the  interval  is  not  reckoned  from  C  to  another  tone«  but  between  the  two 
tones  where  it  usually  occurs,  except  in  the  equal  intonation  below. — TVandatar,'] 

'  [They  have  been  placed  in  two  rows  in  recutting  the  diagram  for  this  translation, 
merely  for  the  purpose  of  clearness,  to  prevent  the  letters  from  coming  too  dose  to 
each  other,  but  without  attaching  any  meaning  to  the  difference  of  row ;  the  other 
differences  described  in  the  text  have  been  retained. — DranskUor,'] 

*  [The  following  tabular  expression  of  the  diagram  will  be  often  found  convenient. 
The  degree  of  roughness  was  determined  by  measuring  the  lengths  of  the  verticals  in 
the  diagram  in  hundredths  of  an  inch.  The  names  of  the  notes  are  given  in  the  nota* 
tion  of  the  text,  and  then  also  as  referred  to  the  same  base  c  in  notation  of  Appendix 
XIX.  The  sign  ||  means  '  equally  tempered,'  and  *  *  consonance.'  The  eroes  lines 
group  the  just  intervals  represented  by  a  single  tempered  intervaL 
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The  following  is  a  comparative  arrangemeDt  of  these  intervals  in  order  of  roughnesf, 
the  consonances  being  marked  *,  and  the  tempered  intervals  |.    The  number  in 
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The  various  Thirds,  Fifths,  and  Sevenths  of  the  scale  are  found 
by  arranging  it  in  Thirds  thus : — 

a  parenthesis  is  that  of  the  interval  when  it  is  contained  in  the  preceding  table.    The 
name  given  to  each  interval  in  App.  XIX.,  Table  IL,  is  annexed,  following  by  its 
roughness,  marked  '  ro/ 
Ronghneat 

*  0  —  (25)  just  Fifth 

I         1  —  (24)  tempered  Fifth  representing  (25)  just  Fifth,  ro.  0,  and  (23)  low 

Fifth,  ro,  44. 

*  2  —  (15)  just  Fourth. 

I        3  —  (16)  tempered  Fourth,  representing  (15)  just  Foozth,  to.  2,  and  (17) 

high  Fourtb,  ro.  27. 

*  3  —  (29)justmiy'orSixth. 

*  8  —  (12)ju8tmiy or  Third. 

15  —  (83)  high  superfluous  Sixth. 
I       18  —  (13)  tempered  major  Third,  representing  (12)  just  mi^or  Third,  ro.  8, 

and  (14)  diminished  Fourth,  ro.  25, — and  also  the  Pjthagonaa 
major  Third,  if  required,  ro.  19. 
g       18  —  (20)  tempered  sharp  Fourth  or  flat  Fifth,  representing  (19)  false  Fourth 

or  Tritone,  ro.  20,  (21)  diminished  Fifth,  ro.  28,  (18)snperflQous 
Fourth,  ro.  32,  and  (22)  high  diminished  Fifth,  lo.  85. 
19 —  Pythagorean  miyor  Third  g^. 

*  20  —  (28)  just  minor  Sixth. 

*  20  —  (1 1)  just  minor  Third. 

20  —  (19)  false  Fourth  or  Tritone. 
I      22  —  (30)  tempered  major  Sixth,  representing  (29)  just  major  Sixth,  ro.  8, 

(31)  Pythagorean  major  Sixth,  ro.  24,  and  (32)  diminished 

Seventh,  ro.  24. 
I       22  —  (27)  tempered  minor  Sixth,  representing  (28)  just  minor  Sixth,  zo.  20, 

and  (26)  superfluous  Fifth,  ro.  39. 

23  —  (34)  minor  Seventh. 

I       24  —  (35)  tempered  minor  Seventh,  representing  (33)  the  high  superfluous 

Sixth,  ro.  15 ;  (34)  the  minor  Seventh,  ro.  23,  and  (36)  the  high 

minor  Seventh,  ro.  25. 
t       24  —  (10)  tempered  minor  Third,  representing  (11)  just  minor  Third,  ro.  20; 

(8)  augmented  Tone,  ro.  24,  and  (9)  Pythagorean  minor  Third, 

ro.  26. 

24  —  (31)  Pythagorean  major  Sixth. 
24  —  Pythagorean  minor  Sixth,  *^*. 
24  —  (32)  diminished  Seventh. 

24  —  (8)  augmented  Tone. 

n       25  —  (5)  tempered  major  Second  or  whole  Tone,  representing  (7)  diminished 

Third,  ro.  30,  (6)  n^jor  Tone,  ro.  32,  and  (4)   minor  Tone, 
ro.  38. 

25  —  (14)  diminished  Fourth. 

26  —  (36)  high  minor  Seventh. 

26  —  (0)  Pythagorean  minor  Third. 

27  —  (17)  high  Fourth. 

28  —  I'll)  diminished  Fifth. 

29  —  k»w  major  Seventh,  5  J.  [continued  on  next  poffe] 
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A.  Tones  of  the  Major  Scale. 
h  —  d  \  f  —  r^  —  c  —  e  —  g  —  h  —  d  \f  —  a 

i   'A   i     i     i    i    i  '  i    n   i 

B.   TOXBS   OF  THE   MiNOR   SCALE. 

h  —  d  \  f  — d\}  —  c  —  eb  —  g  —  6  —  d  \f  —  at>* 

X    If  i      f       i      i     f    If   f 

For  the  minor  scale  I  have  assumed  the  usual  form  with  the 
major  Seventh,  because  scales  with  the  minor  Seventh  yield  the 
same  intervals  as  the  major  scale. 

I.  Thirds  and  Sixths. 

The  above  schemes  shew  that  in  the  justly-intoned  major  and 
minor  scales,  three  kinds  of  Thirds  occur,  and  their  inversions  give 

three  kinds  of  Sixths.     These  are : 

1)  The  justly-intoned  Tnajor  Third  {,  [12,  roughness  8],'  and 

its  inversion  the  mmor  Sixth  f ,  [28,  roughness  20],  both  consonant. 

2)  The  juatly-irUoned  mnior  Third  f ,  [1 1,  roughness  20],  and 
its  inversion  the  Tnajor  Sixth  |,  [29,  roughness  3],  also  both  con- 
sonant. 

RoughnoH 

30  —  (7)  diminislied  Third. 
32  —  (6)  major  Tone. 
32  —  (18)  superfluoufi  Fourth. 
35  —  (22)  high  diminished  FifUi. 

38  —  (4)  minor  Tone. 

39  —  (26)  snperfluons  Fifth. 
42  —  (37)  major  Seventh. 
44  —  (23)  low  Fifth. 

II       48  —  (38)  tempered  major  Seventh,  repre8entiog  (37)just  major  Seventh, 

ro.  42. 
56  —  high  Semitone,  ^. 

70  —  (3)  just  minor  Second  or  natural  Semitone. 
H       76  — (2)  tempered  Semitone,repre8enting(3)ju8t  Semitone,  ro.42. — TVanslafor.] 
'  [In  the  notation  of  Appendix  XIX.,  using  (  +  )  to  represent  the  major  Third  J 
(  — )  the  minor  Third  f,  and  (  |  )  the  Pythagorean  minor  Third  |f,  these  schemes  may 
bo  written  thus  :^ 

Major    b—  d  \  f  +    a    — c+    e    — ^  +  6  —  rf|/+    a 
Minor    b  —  d  j  /-  fab  +e^'fe\)+g  +  b  —  d  \  f  —  fab 

—  Translator.] 
'  [For  immcdiato  comparison  I  have,  after  each  interval  as  it  arises,  inserted  in 
bquaro  brdckels,  the  number  of  the  interval,  and  its  degree  of  roughness  as  given  in 
the  tdblc  on  pp.  517-8,  note. — Translator.] 
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3)  The  Pythagorean  -minor  Third  4ft  [0>  nragbness  26], 
between  the  extreme  toDee  of  the  key,  d  and  /.  If  we  used  i  in 
place  of  d,  this  interval  would  occur  between  ^  and  (^  On  com- 
paring this  dissonant  minor  Third  j  —  /  with  the  cousonant  minor 
Third  d  — /,  we  find  first  that  the  former  is  a  comma  closer  than 
the  latter,  since  disa.  comma  sharper  than  d-  The  Pythagorean 
minor  Third  is  somewhat  lesB  harmonious  than  the  just  minor 
Third,  but  the  diSerence  between  them  is  not  so  great  as  that 


between  the  two  corresponding  major  Thirds.'  The  difference  of 
the  two  cases  couisists,  first,  in  the  major  Third  being  a  much 
more  perfect  consonance  than  the  minor  Third,  and  consequently 
much  more  liable  to  injury  from  defects  of  intonation ;  and 
secondly  in  the  nature  of  the  two  combinational  tones.  The  just 
minor  Third  li'"  — /'"  has  h\>  for  its  combinational  tone,  which 
completes  it  into  the  just  major  triiid  of  h]^.     The  Pythagorean 

'  [ThenmghneMofthfljnse  m^tw  Th[rd,e  + «  ii  only  8,  while  that  of  the  Fjlha- 
gOTTHn  35  (wbicli  is  not  giren  beoiuso  il  cIdob  not  occnr  in  the  acnle)  is  Deceasarily 
b-tween  thut  of  the  tempered  m«j..r  Third,  IH,  iind  tliiit  of  the  disaanHnt  minor  Fonrlh 
n  -Xfb.  wliicli  ''»  -in,  but  Bcanrlj  more  ihm  19  or  20,  iie  will  bo  ttxn  by  lire  cntre  in 
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minor  Third  ^"  —  f"  has  g  for  its  combinational  tone,  which 
completes  it  into  the  chord  d,  —  /  —  g,  and  this  is  not  a  perfectly 
correct  minor  chord.  But  as  the  incorrect  Fifth  g  lies  among 
the  deep  combinational  tones  and  is  very  weak,  the  difference  is 
scarcely  perceptible.  Moreover,  it  is  practically  almost  impossible 
to  tmie  the  interval  so  precisely  as  to  insure  the  combinational  tone 
a  in  place  of  a.  But  for  the  Pythagorean  major  Third  d'  —  e" 
the  combinational  tone  is  c^  which  is,  of  course,  much  more 
annoying  than  the  rather  imperfect  Fifth  g  when  added  to  the 
chord  d  — /. 

The  Pythagorean  major  Third  does  not  occur  in  scales 
timed  according  to  the  conditions  of  harmonic  music.  If  we  used 
the  minor  Seventh  6t>  in  place  of  £[>  for  the  minor  scale,  6]> — d 
would  be  a  Pythagorean  major  Third.^ 

The  inversion  of  the  Third  d  —  /is  the  Pythagorean  major 
Siidkf —  d\  f^,  [31,  roughness  24],  which  is  a  comma  wider  than 
tbe  just  major  Sixth,  and  is  greatly  inferior  to  it  in  harmoniousness, 
as  is  clearly  seen  in  fig.  61  (p.  520\ 

II.  Fifths  and  Foubths. 

The  Fifth  is  simply  composed  of  two  Thirds,  and  the  different 
vari^ies  of  Fifths  depend  upon  the  nature  of  those  Thirds. 

4)  The  juatly-vrUoned  Fifth  |,  [25,  roughness  0],  consists  of  a 
justly-intoned  major  and  a  justly-intoned  minor  Third,  or  f  =: 
I*  X  f.  Its  inversion  is  the jtiatly-intoned  Fourth  ^,  [15,  roughness 
2].    Both  are  consonant.    Examples  in  the  major  scale,  /  —  c^, 

5)  The  imperfect  Fifth  d  —  ^^^  [23,  roughness  44],  a  comma 
less  than  the  just  Fifth,  consists  of  a  Pythagorean  minor  and  a 
just  major  Third,  ^  =  H  ^  ♦•  ^*'  sounds  like  a  badly-tuned 
Fifth,  and  makes  clearly  sensible  beats.  In  the  Octave  </  —  c", 
the  number  of  these  beats  in  a  second  is  11.  Its  inversion,  the 
imperfect  Fourth,  a  — d',  |J,  [17,  roughness  27],  is  also  decidedly 
dissonant.  The  Fourth  A  —  d  makes  as  many  beats  in  a  second 
as  the  Fifth  d  —  a,  the  d  being  the  same  in  each. 

6)  The/afo6  Fifth,  b—f^  Ih  L^l*  roughness  28],  consists  of  a 
just  and  Pythagorean  minor  Third,  J-J^=f  x  ffj  and  is,  hence,  as 
the  composition  shews,  about  half  a  Tone  closer  than  the  just  Fifth. 

»  [That  is  (in  the  noUtion  of  App.  XIX.)  if  we  made  the  minor  chord  ^  |  6b   +  rf 
iu-  place  of  ^  —  fbb  +  rf.    I  hare  found  this  quite  unendurable. — Translator.] 
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It  is  a  tolerably  rough  dissonance,  nearly  equal  in  roughness  to  a 
major  Second  [6,  roughness  32].  Its  inversion  is  the  foUse  Fourth 
or  TrUone^f — 5,  -jf-j  [19j  roughness,  20], consisting  of  three  whole 
Tones,  major/ —  g^  minor  g  —  g,  and  major  g  —  6,fx  V^xf=5j|; 
it  has  very  nearly  the  same  degree  of  roughness  as  the  last,  and  is 
about  a  comma  closer.  For  the  felse  Fifth  ^  — /is  nearly  the 
same  as  ct>  — /,  and  if  we  diminish  this  interval  by  a  comma  we 
obtain  ct>  —  /,  which  is  a  false  Fourth.  Strictly  speaking,  as  ct>  is 
not  precisely  the  same  as  6,^  the  difference  between  the  intervals  is 
not  precisely  a  comma,  |-^,  but  about  f  |,  [or  \^  of  a  comma].  On 
keyed  instnunents  they  coincide. 

7)  The  superfluous  or  extreme  sharp  Fifth  of  the  minor  scale, 
e\} — J,  ^^^[^^J  roughness  39],  consists  of  two  major  Thirds,  e^ — ^, 
and  g  —  bj  ^==i^i'  It  is  seen  to  be  nearly  two  commas  closer 
that  the  minor  Sixth,  by  putting  for  b  the  nearly  identical  c{>,  so 
that  eb  —  6  is  nearly  the  same  as  el>  —  ct>,  whereas  the  consonant 
minor  Sixth  is  e\}  —  cb,  where  gb  is  two  commas  flatter  than  e[>. 
The  superfluous  Fifth  [26,  roughness  39]  is  markedly  rougher  tluui 
the  minor  Sixth  [28,  roughness  20],  with  which  it  coincides  upon 
keyed  instruments.  Its  inversion,  the  diminished  Fourth  b  — e'b, 
■||-,  [14,  roughness  25],  is  about  two  commas  higher  than  the  just 
major  Third,  [12,  roughness  8],  and  considerably  rougher,  although 
the  two  intervals  coincide  on  keyed  instruments,  [13,  common 
roughness  18]. 

Two  just  or  two  Pythagorean  minor  Thirds  cannot  occur  con- 
secutively in  the  natural  series  of  Thirds  of  the  just  major  and 
minor  scales.  In  the  modes  of  the  minor  Seventh  and  of  the 
Fourth,  we  may  find  the  intervals  a  —  6^  and  g  —  6^  =  ^f, 
[22,  roughness  35],  composed  of  two  minor  Thirds,  ||.  =  |.  x  f ;  these 
are  a  comma  wider  than  the  usual  false  Fifths  b  —  /'  (or  q  —  e'b 
in  the  key  of  b\}  major,  and  §  —  6t>  in  the  key  of/  major),  and  are 
decidedly  rougher  than  these,  [21,  roughness  28]. 

III.  Sevenths  and  Seconds. 

Any  three  successive  Thirds  give  a  Seventh.  Beginning  with 
the  smallest  we  obtain  the  following  different  magnitudes : 

8)  The  diminished  Seventh  of  the  minor  Scale  §  —  a'[>  = 
(fc —  d')  +  (d'  — /')  +  (/'  —  a'b),  or  two  just  and  one  Pythagorean 

'  [The  tone  fcb  is  one  skhisma  flatter  than  b.    See  App.  XIX-,  Table  V. — Thuu- 
UUor.] 
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minor  Third.  Its  numerical  ratio  is  y/  =  f  ^  |^  x  f ,  [32,  roughness 
24],  about  two  commas  greater  than  the  major  Sixth  [29,  roughness 
3],  as  is  seen  by  putting  J — d'\}  =  c^ — a'[>.  The  interval  c\} — a'[>, 
which  is  two  commas  flatter  than  the  last,  would  be  a  just  major 
Sixth.  Its  dissonance  is  harsh  and  rough,  the  same  as  that  of  the 
Pythagorean  major  Sixth  c  —  a,  [31],  which  is  about  a  comma  less. 
But  its  inversion,  the  auperfliuyus  Second  d\}  —  i  [8,  having  the 
same  roughness  24],  is  not  much  rougher  than  the  just  minor  Third 
[11,  roughness  20 ;  the  tempered  minor  Third,  10,  has  exactly  the 
same  roughness  24].  Its  numerical  ratio  ^  is  very  nearly  ^  (since 
^4  =s  ^  X  Ifi).  If  this  Second  is  extended  to  a  Ninth,  nearly  -I, 
it  becomes  tolerably  harmonious,  as  much  so  as  the  minor  Tenth  y , 
which,  however,  is  a  very  imperfect  consonance,  [see  fig.  60  B, 
p.  292]. 

9)  The  closer  minor  Seventh  g  — /',  i  —  a%  or  d  —  c,  i^*, 
[34,  roughness  23],  consists  of  a  just  major,  a  just  minor,  and  a 
Pythagorean  minor  Third: 

9  -r  =  {9-b)  +{b-  d')  +  {df  -/'),  or  y  =  f  xf  x|i. 
It  is  a  comparatively  gentle  dissonance,  gentler  than  the  dimi- 
nished Seventh  [32,  roughness  24],  and  this  is  of  importance  for  the 
effect  of  the  chord  of  the  dominant  Seventh,  in  which  the  Seventh 
has  this  form.  This  closer  minor  Seventh  is  the  interval  of  a 
Seventh  in  the  scale  nearest  to  the  natural  Seventh  or  seventh 
partial  tone,  ^  (==  ^x  y),  although  not  so  close  as  the  super- 
fluous Sixth  [33,  roughness  15].  It  has  been  already  shewn  that 
the  natural  Seventh  belongs  to  harmonious  combinations  (p.  296). 
The  inversion  of  this  Seventh  is  the  major  Second^  c  —  dj^  —  ^, 
/  —  g,\^  [6,  roughness  32],  a  powerful  dissonance. 

10)  The  wider  mvnor  Seventh^  g — d\  q — flr',  ^,  [36,  roughness 
25],  a  conmia  greater  than  the  last,  is  distinctly  harsher  than  the 
last  [34,  roughness  23],  because  it  is  nearer  the  Octave;  its  rough- 
ness [25],  is  nearly  the  same  as  that  of  the  diminished  Seventh 
[24].     It  consists  of  a  just  major  and  two  just  minor  Thirds : 

e_cZ'=  (g_5r)+(flr  — &)  +  (&  — c20,or|=  Jxfxf. 

The  last-mentioned  cLoaer  minor  Seventh  has  its  root  on  the 
dominant  side  of  the  scale,  and  its  Seventh  on  the  sub-dominant 
side,  because  it  contains  the  Pythagorean  minor  Third  d  —  /. 
The  wider  minor  Seventh,  on  the  other  hand,  has  its  Seventh  on  the 
dominant  side.    Its  inversion,  the  minor  Tone,  V*,  d  —  §jg  —  ^ 
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is  somewhat  harsher  [4,  roughness  38]  than  the  major  Tone  [6, 
roughness  32]. 

11)  The  major  Seventh/  —  ff',  c  —  &,  y ,  [37,  roughness  42], 
consists  of  two  just  major  and  one  just  minor  Third : 

c  —  t  =  (c  -  f)  +  (fi  —  flr)  +  (j  —  &). 

It  is  a  harsh  dissonance,  about  the  same  as  the  minor  Tone  [4,  rough- 
ness 38].  Its  inversion,  the  minor  Second  or  Semitone  i  —  </, 
g  —  f,\ij  [3,  roughness  70],  is  the  harshest  dissonance  in  the  scale.* 

In  the  mode»  of  the  Fourth  or  minor  Seventh,  we  find  a 
somewhat  closer  major  Seventh,  h\}  —  ^^  which  is  a  comma  closer 
than  the  usual  major  Seventh,  and  hence  somewhat  softer  in  effect.' 

Finally  we  have  to  mention  an  interval  peculiar  to  the  Doric 
mode  of  the  minor  Sixth,  namely : 

12)  The  euperfluoua  or  extreme  sharp  SioUh  <^  —  J,  which 
arises  in  this  mode  from  the  connecting  its  peculiar  minor  Second 
d\}  with  the  leading  note  b. 

The  numerical  ratio  is  ^f  f ,  [33,  roughness  1 5]  ,so  that  it  is  about 
a  comma  less  than  the  closer  minor  Seventh  of  the  chord  of  the 
dominant  Seventh,  as  is  seen  by  putting  c^  —  J  =  c^  —  c't) ;  the 
interval  d\}  —  c'b  would  be  a  still  closer  minor  Seventh,  and  c^  is 
a  comma  higher  than  d\}.  The  superfluous  Sixth  may  be  conceived 
as  composed  of  two  just  major  Thirds  and  one  just  major  tone : 

Its  harmoniousness  is  equal  to  that  of  the  minor  Sixth,  because  it 
is  almost  exactly  the  natural  Seventh  J,'  since  (fff  =  i  x  ||f ). 
Taken  alone  it  cannot  be  regarded  as  a  dissonance,  but  it  makes 
no  other  consonant  combinations,  and  hence  is  imfit  for  use  in 
consonant  chords.  When  it  is  inverted  into  the  diminished  Third 
f  f  j-,  or  nearly  ^^  it  is,  as  already  observed,  considerably  damaged 
[  i" ,  the  roughness  rises  to  30] ,  but  it  is  improved  by  taking  the  upper 

*  [That  is  iQ  the  just  major  scale ;  the  Semitone  of  the  tempered  scale,  2,  reaches 
76  degrees  of  roughneRs. — Translator.] 

*  [Its  numerical  ratio  is  |$  »  V  ^  li'  a°^  ^^  1^-  '26761,  so  that  it  is  the  interval 
c  —  {6,  vhich  by  6g.  61  (p.  520)  should  have  a  roughness  of  about  29,  in  place  of  42, 
the  roughness  of  c—  b, — lyansUttor.] 

*  [The  diagram,  fig.  61,  gives  the  roughness  of  the  superfluous  SixtJi  as  15,  and 
that  of  the  minor  Sixth  as  20 ;  see  p.  51 S.  This  would  make  the  former  more  har- 
monious than  the  latter.  Aa  I  hear  these  intervals  on  my  justly- intoned  conceitina, 
my  ear  reverses  this  decision,  and  makes  the  minor  Sixth  a  — /'  distinctly  better  than 
the  superfluous  Sixth/ —  Jrf'JJ . —  Tranaiator.] 
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tone  i  an  Octave  higher,  in  which  case  it  is  nearly  ^.  Its  near 
agreement  with  the  natural  Seventh  and  its  comparative  har- 
moniousness,  seem  to  have  preserved  this  remarkable  interval  in 
certain  cadences,  although  it  is  quite  foreign  to  our  present  tonal 
system.  It  is  characteristic  that  musicians  forbid  its  inversion 
into  the  diminished  Third  (which  lessens  its  harmoniousness),  but 
allow  its  extension  into  the  corresponding  Thirteenth  (which  im- 
proves its  harmoniousness).  On  keyed  instruments  this  interval 
coincides  with  the  minor  Seventh  [35,  roughness  24]. 

Crenerally,  a  glance  at  fig.  61  (p.  520)  will  shew  to  what  an  extra- 
ordinary extent  different  intervals  are  fused  on  keyed  instruments. 
On  the  lower  side  of  the  base  line  X  Y  are  marked  the  places  of 
the  tones  of  the  equally  tempered  scale,  and  the  small  brackets 
below  the  base  line  shew  those  different  tonal  degrees  which  are 
usually  expressed  by  the  corresponding  tone  of  the  tempered  scale. 
The  interval  ^  —  at>  is  identified  on  the  pianoforte  with  the  major 
Sixth  c\}  —  at>,  while  the  interval  (2|>  —  ^  is  made  a  (tempered) 
Semitone  wider,  and  yet  the  last  is  scarcely  more  different  from 
the  first,  than  the  first  from  a  major  Sixth.^  The  figure  61 
shews  also  very  clearly  what  an  immense  difference  of  harmonious- 
ness ought  to  exist  between  the  first  and  either  of  the  two  last  of 
these  intervals  c  —  g,/  —  d\  and  b —  a'[>,  [29,  31,  32,  respective 
roughnesses  3,  24,  24],  which  are  all  expressed  by  the  sufficiently 
harsh  sound  of  the  tempered  interval  c  —  a  [30,  roughness  22]. 
The  justly-intoned  harmonium  with  two  rows  of  keys  allows  all 
these  intervals  to  be  given  accurately.' 

Dissonant  Tbiads. 

Dissonant  triads  with  a  single  dissonant  interval  are  obtained 
by  taking  two  tones  which  are  consonant  to  the  root,  but  dissonant 
to  each  other.     Thus  : 

1)  Fifth  and  Fourth :  c  — /  —  g. 

2)  Third  and  Fourth :  c  —  e  — /  or  c  —  e\}  — /. 

*  [In  the  notation  of  App.  XIX., 

log(rfb  to    i    )  -  log(;  to  «I)     =  '24497^^^^^  ^^^^^ 

log  (b    to  fab  )  «  log  (c  to  t*bb)  =  -28216  ^_ 

logic    to    a    )  _  .22185  ^ff«""<» 'OlO^^^ 

Th6  difference  of  these  differences  is  *00262,  eoireeponding  to  half  a  comma,  hut  as 

t^bb  is  identified  with  a  on  the  piano,  this  di£ference  appears  as  a  Semitone  which  is 

nearly  ten  times  as  large. — Translator.] 

*  [All  the  just  intervals  given  by  Helmholts  can  be  studied  on  the  experimental 
harmonimn  (Appendix  XIX.,  Sect.  G,  No.  2),  which  is  generally  the  most  conTenient 
instrament  for  this  purpose. — JVamUUcr,] 
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3)  Fifth  and  Sixth :  c  —  g  —  a  or  c  —  g  —  d\}. 

4)  Dissimilar  Thirds  and  Sixths :  c  —  5^  —  a  or  c  — 
5  —  ab-* 

In  all  this  c  is  consonant  with  each  of  the  other  two  tones. 
The  first  chord  alone  plays  a  great  part  in  the  older  polyphonic 
music  as  a  chard  of  suspension.  The  others  we  shall  meet  with 
aofain  in  the  chords  of  the  Seventh. 

For  modem  music  triads  with  two  dissonances^  formed  by 
including  the  extremes  of  the  key,  are  more  important. 

In  the  series  of  chords  in  a  major  key,  major  and  minor  Thirds 
follow  each  other  alternately,  and  any  two  adjacent  Thirds  pro- 
duce a  consonant  triad.  But  the  interval  between  the  extreme 
tones  d  and  /  is  a  Pythagorean  minor  Third,  and  when  these  are 
connected  as  a  chord  with  one  of  either  of  the  two  adjacent  tones 
to  make  a  new  triad,  it  will  be  dissonant. 

Major  :c  —  e    —  g  —  h  —  d    \  f  —  q,    —  c  —  e    —  gr 

. Minor  :  c  —  e|>  —  g  —  h  —  d   \  f  —  a^—  c  —  9^  —  g 

The  major  system  gives  two  such  triads*  : 

h  —  d — /         and         d — / — a 

"  f    M  If  f ' 

The  minor  scale  also  gives  two*  : 

h  —  d — /         and         d — / — a\} 

In  the  two  triads  h  —  d  — /and  d  — /  —  a[>,  which  combine 
a  Pythagorean  with  a  just  minor  Third,  there  are  also  second 
dissonances,  namely  the  false  Fifths  ^  — /  and  d  —  a|>,  which 
make  the  chord  more  strongly  dissonant  than  the  Pythagorean 
Third  W  alone  could  make  them.  They  are  hence  called  di- 
minished  Triads.  The  chord  d  —  /  —  a,  which  in  the  usual 
musical    notation    is  not  distinguished   from   the   minor   triad 

'  [These  triads  I  propose  to  term  con-dissonant.  See  Appendix  XIX.,  Section  D, 
Heptad,  Bearranged  in  the  notation  there  used,  so  as  to  place  o^  in  the  centre,  those 
in  the  textare:  l)/xc'xy,  2)/xc'  +  ^,/xc'— fe'b,  3)  a-cr'xy,  fab +</ xy',  4) 
«  — c'  — t«'b,  t«b  +c'  +  e'. — Translator.] 

*  [In  the  notation  of  Appendix  XIX.,  the  major  dissonant  triads  are  b  —  d  \  /,and 
^  I  /  +  «;  the  minor  b  —  d  |  /,  and  d  \  f —  t<ib . — Translator.] 
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d  — /  —  a,  and  may  hence  be  called  the  false  minor  triads  is, 
as  Hauptmann  has  correctly  shewn,  dissonant,  and  on  justly- 
intoned  instruments  it  is  very  decidedly  dissonant.  It  sounds 
almost  as  rough  as  the  chord  6  —  d  —  /.  If  in  (7  major,  without 
confounding  d  with  d,  we  form  the  cadence  1  or  2 

1  2 


^^ 


s 


s 


the  chords  a'  —  d'^  — /''  and  /'  —  a'  —  d^'  — f  are  quite  as  dis- 
sonant in  their  effects  as  the  following  J'  —  d''  — f^  and  g'  —  //  — 
d^'  — f\  But  on  account  of  the  incorrect  intonation  of  our 
musical  instruments  we  cannot  produce  the  same  effect  without 
combining  an  inverted  chord  of  the  Seventh  with  the  subdomi- 
nant  in  the  cadence,  as  /  —  a  —  </  —  d\  Hauptmann  doubts 
whether  in  practice  the  false  minor  chord  of  the  key  of  C  major 
can  be  distinguished  from  the  minor  chord  of  2).  I  find  that  this 
is  most  distinctly  and  undoubtedly  effected  on  my  justly-intoned 
harmoniimi,  but  allow  that  we  cannot  expect  the  correct  intonation 
from  singers.  They  will  involuntarily  pass  into  the  minor  chord, 
unless  the  progression  of  the  parts  which  execute  2),  strongly 
emphasise  its  connection  with  the  dominant  0.^ 

*  [The  choid  on  the  Second  of  the  major  scale  is  in  fact  the  crux  of  the  trannlation 
of  tempered  into  jnst  intonation,  as  I  have  already  intimated  (p.  504,  end  of  note).    It 


a'   t^'   /' 

/    a'  K    /' 

BD 

/ 

a   \d" 

1/     d"   f 

and 

f  1/  df'  r 

ar.d 

^ 

V    d" 

c"    c"     e" 

e  d'  <r  e' 

f 

and  the  effect  is  not  bad.  In  the  first  the  Xd"  might  be  held  on  to  the  second  chord,  as 
If  \d^'  f\  without  materially  increasing  the  harshness  of  the  dissonance,  but  in  the 
second  this  wonld  give  g'  If  Xd"  f\  where  the  low  Fifth  is  yerj  harsh.  In  the  second 
case,  then,  there  is  least  harshness  in  playing  d"  in  both  chords.  And  in  both  cases 
there  is  most  smoothness  in  playing  them  as  just  written.  The  effect  is  one  on  which 
I  have  repeatedly  experimented,  but  I  find  that  the  small  inteiral  $<2"  d'*  in  the 
highest  or  lowest  part,  produces  a  strange  effect,  which  in  singing,  and  perhaps  on  the 
Tiolin,  seems  to  be  overcome  by  a  glide,  if  the  other  voices  are  strong  enough  to  pull 
this  voice  out  of  its  course,  even  though  the  words  and  parts  are  written  so  as  to 
imply  that  this  note  is  sustained.  When  the  d"  is  in  the  principal  part  in  the  melody, 
as  in  the  third  example,  I  find  it  best  on  the  whole  not  to  play  as  written,  Xd!'  d*\  but 
to  sustain  d".  In  some  cases  an  attempt  to  avoid  the  dissonance,  which  is  really 
harsh,  would  lead  to  such  melodic  phrases  as  <2  }<f  <2,  which  would  be  simply  impossible 
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Past  HL 


These  chords,  and  among  them  most  decisively  and  distinctly 
the  chord  b  —  d  —  /,  have  for  musical  composition  the  especially 
important  advantage  of  combining  those  limiting  tones  of  the  key, 
which  separate  it  from  the  nearest  related  keys,  and  are  conse- 
quently extremely  well  suited  for  marking  the  key  in  which  the 
harmony  is  moving  at  any  given  time.  If  the  harmony  passed 
into  0  major  or  0  minor,  /  woidd  have  to  be  replaced  hjfjj^  If 
it  passed  into  F  major,  d  would  become  (2,  and  if  into  F  minor 
d  would  become  c^,  and  i  would  in  the  same  chords  become  6[>. 
Thus— 


in  0  major 
in  C  major 
in  F  major 
in  0  minor 
in  C  minor 
in  J^  minor 


h  —d 
I  —d 
b\}-d 
h\}  —  d 
b    —d 


-/# 

-/ 

-/ 

-/# 
-/ 


d 

-^-« 

d 

-/  -tf 

d 

-/  -« 

d 

-^-a 

d 

-/   -db 

6b  — ^—/  ^—f—d\} 


;;k  1 


for  an  unaccompanied  Toice.  If  in  the  third  example  <f '  were  held  throughout,  and 
the  accompanying  voices  sang  the  minor  chord,  we  should  get  the  suoceasion  ff*  faf  d\ 
^  If  d!\  f  V  d*\  tf  <f  €^,  which  amounts  to  a  modulation  into  the  minor  of  the 
dominant^  instead  of  into  the  subdominant  Whether  such  is  possible,  depends  on  the 
preceding  chords.  Played  on  my  just  concertina  as  d!  ft  ^,  if  \^l  ^,  (cf  %gt  ^, 
\<ft  a!  aft  it  produces  the  beet  effect  of  all  for  this  isolated  phrase. — Thmslator.] 

I  [It  is  only  in  C  mi^or  that  the  chords  here  adduced  are  chords  necessarily 
between  the  limiting  tones ;  in  the  other  keys  the  chords  are  those  nearest  related  to 
the  first  mentioned,  the  object  being  to  shew  the  differences.  The  following  table  of 
the  six  keys  in  the  author's  notation  will  shew  this,  and  the  same  in  the  notation  of 
Appendix  XIX.  will  shew  how  to  translate  his  symbols  into  mine.  In  both  cases  I 
use  my  notation  of  +  —  |  for  major,  minor,  and  Pythagorean  minor  Third  as  in 
p.  619,  note. 

In  the  Author's  Notation. 
G  mH^OT :  a  \  e  +  c  —  ff  +  h  —  d  +Jt  —  a  \  e 
C  major :  d  \  f  +(j  — c  +  g  —  9  +  b  —  ^  \  f 
F  nuy'or :  g  \  bb  +  i  — /  +  a  —  c  +  g  —  9  \  ^b 
G  minor  :a  \  e  —  ^b+y  —  Bb+d-^Jt^ale 
C  minor :  d  \  /  —  db  +  c  —  ib  +  g  -^  b  —  ^  \  f 
F  minor  :g  \  bb — db  +/ — db  +  c  +  f    — ^  I  *b 

In  the  Translator's  Notation. 

—  rf  +  /I  —  t«   I  c 
-g+b    ^   d  \f 

—  c  +  «    —  g  \  bb 
+  rf+/l  — tfl   I   b 
+  ^  +  *    —  rf 
+  c  +  e    —   g 


Gmi^or:fa  |  c     -¥  e    — g  +  b 

C  major:    d  \  /    +a    — c+« 

Fmiy'or:   g  \  bb  +\d   — /  +  a 

G  minor:  a  |  c   — f^b  +  g  — f&b 

C minor:  d  \f    — fab-¥  e — feb 

F minor:  g  \  bb —  db  +/~tab 


I  r 
I  bb 
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This  shews  that  the  chords  in  the  nearest  related  keys  are 
all  distinctly  diflFerent,  with  the  exception  of  d — / — a  and 
d  —  /  —  g,  which  it  is  practically  difficult  to  distinguish.*  The 
rest  are  much  more  clearly  distinguished  from  the  chords  in  the 
nearest  adjacent  keys.     Nevertheless 

b  —  d — /        and        d — / — a[> 

are  easily  confused  with 

J  —  d — /        and        d — / — d\} 

of  which  the  former  belongs  to  4  niinor,  and  the  latter  to  jB\} 
major  or  minor,  where  4  niinor  is  the  minor  key  nearest  related 
to  C  major,  and  ^  major  is  the  major  key  nearest  related  to 
C  minor.* 

Finally  when  we  remember  that  the  Pythagorean  minor  Third 
||.  is  nearer  the  superfluous  second  ^  than  to  the  normal  minor 
Third  (if  =  f  X  f  J  and  |f  =  ^4  x  f^f  or  nearly  =  ^  x  ID'  ^^ 
requires  comparatively  slight  changes  in  intonation  to  convert  the 
chord  6  —  d  — /into 

6  —  d  —  f^      and         ^  —  d  — / 

which  belong  to  Fjj^  minor  and  J?l>  minor.*     Hence  the  dimi- 

*  [Not  in  just  intonation,  where,  as  was  mentioned  on  p.  527,  note,  d  \  f  -¥  a  and 
\d  — /  +  a  are  widely  different,  but  '  practically  difficult  to  distinguish '  in  musical 
compositions  founded  on  tempered  intonation,  the  principal  object  of  which  was  to 
obliterate  the  distinction  between  d  and  \d,  —  JVanslator.'] 

'  [In  the  notation  of  Appendix  XIX.,  these  four  chords  are : 

b-d\f,  d  \  f—fabst^ndb  \:d—f,  d  —  ff\fab 
respectively.  The  first  is  between  the  limiting  tones  of  C  nu^jor,  the  second  between 
those  of  C  minor,  the  third  between  those  of  A  minor,  and  the  fourth  between  those  of 
fE\)  major,  the  major  key  nearest  related  to  C  minor.  There  are  sererul  misprints  in 
the  German  text,  which  the  numerical  ratios  have  enabled  me  to  correct  in  the  trans- 
lation.—  Trandaiar.] 

•  [In  the  notation  of  Appendix  XIX.,  Sections  A  and  B,  these  chords  arc  6 — d,\e%  , 
and  cb  /.  t^ — /•    The  following  schemes  will  shew  how  these  chords  arise  : — 

In  the  Author^s  Notation. 
F%  minor:  ^5    |   h    — d     —/% — a    — fj — gf — ^  |  i 
E\}  minor:/      |  ab — cb  — eb — yb  —  ^b  —  i   — /    |  ab 

In  the  Translator's  Notation. 
Ft  minor:  g%  \  b    —d    + /J  —^a    +  rj  +    e%—fft  |  b 

jEb  minor:/    |  ab~  cb  +  «b  —  ^b  +  *b  +  }rf  — /    jab 

'"JVanslaior.] 

M  H 
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.^'^ 


The?  ^    s:^^  changes  of  intonation,  never 

™?^'  .  .i  f'f! !*^^''^j^^^  ^  minor,  and  E^  minor. 

que'  ''''•'^'•^' ^j1*^  ^  ®^  ^^®  diminished  triad  }}  —  d—f 

H  ^  '  tfi^^^  nearly  related  to  (7,  it  allows  of  a  confusion 

^^t/f*^  ^"^ tepf  *°^  hence  also  the  characterisation  of  the 

T  ''''^'^^^!udB^^  ^^^  ^  complete  without  a  fourth  note, 

*'\fth^  ^flfid  into  a  tetrad.     This  leads  us  to  the  chords  of 

(lie  ^*  Chords  of  the  Setenth. 

A.  Formed  of  two  Consonant  Triads. 

-^j^nanfc  tetrads,  or  chords  in  four  parts,  as  shewn  on  p.  336, 

^  Ije  constructed  without  using  tlie  Octave  of  one  of  tlie 

^L^bufc  dissonant  tetrads  are  easily  constructed.      The  least 

^pnimt  of  such  chords  are  those  in  which  only  a  single  interval 

.  jjgsonant^  and  the  rest  are  consonant.     These  are  most  readily 

fyflaed  by  uniting  two  consonant  triads  which  have  two  common 

0nes,    In  this  case  the  tones  which  are  not  common  to  the  two 

^ords  are  dissonant  to  each  other,  and  the  rest  are  consonant,  so 

^t  the  dissonance  is  comparatively  unobserved  amid  the  mass  of 

consonances.    Thus  tlie  triads 

c  —  §—g 

e—g—b 

on  being  fused  give  the  tetrad 

c  —c—g—b 

in  which  the  major  Seventh  c  —  />  is  a  dissonant  interval  and  the 
other  intervals  are  consonant,  as  the  annexed  scheme  shews : — 

5. 
2 

If      '     ' 


c  —  e  —  g  —  h 

f     i- 


8 


This  position  of  the  chord  of  the  Seventh,  deduced  from  the 
closest  positions  of  the  triads,  is  regarded  as  fundamental  or 
primary.     The  intervals  ])etween  the  individual  tones  appear  as 


Chap.  XVII.  CHORDS  OF  THE  SEVENTH.  531 

Thirds,  and  when  chords  of  the  Seventh  are  formed  from  the  con- 
sonant triads  of  the  scale,  these  Thirds  will  be  alternately  major 
and  minor,  because  consonant  triads  always  imite  a  major  with  a 
minor  Third.  Hauptmann  calls  these  chords  of  the  Seventh 
which  occur  spontaneously  in  the  natural  series  of  Thirds  of  a  key 

/ — a  —  c  —  g — g  —  6 — d 

the  chorda  of  the  direct  system  or  simply  direct  chords.^  There 
are  two  kinds  of  these  chords.  In  one  a  minor  Third  lies  between 
two  major  Thirds,  as  in  the  tetrad  c — § — g — b  already  cited,  and 
similarly  in/ — ^ — c' — g'  in  (7 major,  and  d\} — c — e\} — g  in  G 
minor.  In  the  other  a  major  Third  lies  betw'een  two  minor  Thirds, 
as  in 


a  —  c  —  ^  —  g" 

i    i    i 

V , / 

and  similarly  ing  — g  —  5  —  ^in  C  major  and  /  —  d\}  —  c  — e\} 
in  C  minor.  In  this  second  species  the  dissonance  is  a  minor 
Seventh,  |^,  [roughness  25,  see  p.  517,]  which  is  much  milder  than 
the  major  Seventh,  ^  [roughness  42]. 

B.  Chorda  of  the  Seventh  formed  of  Diaaonant  Triada. 

Other  chords  of  the  Seventh  may  be  formed  from  the  disson- 
ant triads  of  the  key,  each  united  with  one  consonant  triad,  and 
also  from  the  two  dissonant  triads  themselves.  By  thus  imiting 
the  limiting  tones  of  the  series  of  chords  in  the  key, 

major  :  c  —  e    —  g  —  6  —  d  \f  —  a    —  c 

and  minor :   c  —  eb  —  g  —  5  —  d  \  f  —  d\}  —  c 

we  obtain  the  following  Chxrrda  of  the  Seventh  in  the  reverted 
ayatemj  or  indirect  tetrada : 

'  [Their  construction  U  plainly  shewn  by  the  use  of  +  . —  in  the  notation  of 

Appendix  XIX. — 

/+  a  —  c  +  9  — g  -^h  —  d. — TtanshUar.'] 

M  M  2 
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1) 


g-b-df-f 


i     ^     s.i 


J 


2) 


3) 


4) 


5)  U 


5f 

J- 


h  —  d — /  — al> 


\S3 
15 


The  Sevenths  of  these  chords,  all  come  pretty  near  to  the 
natural  Seventh  ^,  and  are  all  smaller  than  the  Sevenths  in  the 
chords  of  the  Seventh  formed  from  two  consonant  triads.*     The 

'  [In  the  notAtion  of  Appendix  XIX.,  these  chords  may  be  written  : 
g^h  —  d'\f,d\f-\-a^</,    rf|/— t«b  +  C,    b  —  d\f^a,    A  — rf  | /_  fab, 
respectively,  from  which  forms  the  intervals  may  be  immediately  calculated,  on  patting 
f.  f»  2T  for  +  —    I   respectively. — Translator.^ 
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principal  dissonances  in  these  chords  are  the  &lse  and  imperfect 
Fifths  §  — /,  d  —  g,  and  d  —  ab,  that  is,  the  intervals  ^^  and 
1^  [see  p.  517].  Hence  the  first  three  of  these  chords  of  the 
Seventh,  g  —  b  —  d — /,  d  —  / —  g  —  c,  and  d  — / —  a[>  —  c, 
each  of  which  contains  only  one  of  these  imperfect  Fifths,  are  less 
harshly  dissonant  than  the  two  last,  each  of  which  contains  both  of 
thenu     Such  of  these  chords  as  contain  a  major  triad,  namely — 

g  —  b  —  d — /    and     d — / — g  —  c 

I      "      I  I ! 

are  about  equal  in  dissonance  to  the  milder  chords  of  the  Seventh 
in  the  direct  system,  which  contains  the  larger  and  rougher  kind 
of  Sevenths,  and,  at  the  same  time,  only  perfect  Fifths : 


a  —  c  —  6  —  g    and    e  —  g  —  i  —  d 

The  chord  of  the  dominant  Seventh  g  —  6  —  d'  — /  can  be 
even  rendered  much  milder  by  lowering  its/'  to^'.  The  interval 
g  — /'  corresponds  to  the  ratio  S^^^  which  is  very  nearly  equal  to 
^,  being  =  J  x  fj%^  or  approximately  ^  x  -|^.  Hence  the  chord 
g  —  6  —  d  —f  is  on  the  verge  of  consonance.* 

But  the  chord  of  the  Seventh  which  contains  a  false  Fifth  and 
a  minor  triad,  namely — 

d  — / —  d\}  —  c 

is  about  as  rough  as  the  tetrads  of  the  direct  system  containing  a 
major  Seventh,  namely — 


/ — a  —  c  —  s    and    c  —  g  —  g  —  §. 

1 I  I ^1 

It  is  curious  that  the  first  of  these  three  tetrads  contains  exactly 
the  same  intervals  as  the  chord  of  the  dominant  Seventh  itself, 
g  —  b^'  d  — /,  only  in  inverse  order,  thus — 

d—f—d\}  —  </  g  —  b  —  df  —  f 

^  "i^  V  ^   i     W 

*  [Ab  g  +  b—d,  with  (/is  composed  of  the  dominant  triad  in  C  migor,  and  the  sub- 
dominant  note  in  J  C  major,  which  is  a  thoroughly  unrekted  key,  it  could  onlj^  occur 
for  the  purpose  of  imitating  the  natural  Seventh,  or  making  an  enharmonic  change  of 
key,  for  which  it  may  be  useful,  as  it  might  be  followed  by  the  rn^'or  Third  Jc+{«, 
representing  the  triad  J<?  +  Je  —  J^,  and  thus  depressing  the  tonic  from  c  to  J<?.— 
TraHslalor/\ 
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In  the  first  the  consonant  portion  is  a  minor  triad,  and  this  makes 
it  decidedly  harsher  than  the  second  where  the  consonant  portion 
is  a  major  triad. 

Here  also  the  difference  of  harshness  depends  on  the  nature  of 
the  combinational  tones,  of  which  those  generated  by  the  closer 
intervals  are  most  distinctly  heard.    These  are 

for  ^—  h'—d"  —  f"    and  for    d"  —  f"  —  a"b  —  <!" 


W-'    >«i 


O        0       A  A         J\^        d\} 

Hence  one  combinational  tone  in  the  first  chord,  and  two  in  the 
second,  are  unsuitable  to  the  chord. 

The  harshest  chords  of  the  Seventh  are  those  which  each  con- 
tain two  false  Fifths,  J  —  d  —  /'  — a'  and  &  —  df  —  f\ —  a'l>. 
But  the  first  of  these  can  be  made  much  milder  by  a  slight  change 
in  its  intonation.  Thus  6  —  d  —  f  —  of  contains  tones  which 
all  belong  to  the  compound  tone  of  (?^,  and  these  soimd  tolerably 
well  together.' 

*  [This  is  onl J  to  be  taken  aa  an  approximativo  statement,  grounded  on  tbe  assump- 
tion that  the  interval  g  to  f  (in  my  notation  g  to  Xf)  i*  correctly  |,  in  which  case  the 
primes  of  the  tones  b,  d,  f\  a'  are  the  6th,  6th,  7th,  9th,  partials  of  G,  Mr.  Poole 
(see  p.  504,  note  1 ,  and  App.  XIX.,  section  F,  where  the  complete  scale  of  his  organ 
is  given)  considers  it  necessary  to  have  a  pure  natural  Seventh  to  the  dominant  chord  of 
each  key.  He  thus  distinguishes  ttco  diatonic  scales.  The  first  he  calls  trifle^  because 
it  has  three  roots,  as  t\  C,  (r,  in  the  usual  major  scale  CDEFGABc,  The  second 
ho  chUs  doufjle,  apparently  because  it  has  only  two  roots,  namely  F  and  C  in  his  scale 
oi  F  G  A  2Z?b  c  d  «/,  the  two  chords  being 

F  A  0  and  C  E  G  z^b  d 

456  45679 

He  prefers  commencing  this  on  F,  because  its  notes  then  differ  only  in  one  tone  f.i?b, 
or  the  perfectly  natural  Seventh,  from  those  in  the  scale  of  C  In  the  text  it  is,  in 
p)int  of  fact,  proposed  to  use  %B\}  in  the  chord  C  E  G  Ji?b  dy  as  an  imitation  of  Mr. 
Poole's  natural  chord,  which  would  be  still  closer  than  CEGAt  d,  with  the  superfluous 
Sixth  in  place  of  the  natural  Seventh.    In  fact 

gZ?b  -  J  .  C,  ^«  =  JH  .  J  .  C  (p.  624),  and  JSb  =  |}?J  .  J  .  C,  (p.  633). 

log.  « -248  03S0,     log. » -244  97  26.  log. «  244  4824. 

The  logarithms  shew  that  the  third  is  a  skhisma  flatter  than  the  second,  and  almost 
three  skhismaa  sharper  thnn  the  first,  and  that  the  second  is  almost  four  skhismas 
sharper  than  the  first  This  not  being  sufficiently  close  for  Mr.  Poole,  he  provides 
a  natural  Seventh  for  the  dominant  of  each  major  key  and  of  its  relative  minor;  so 
that  in  the  key  of  C  miyor,  in  addition  to  the  usiuil  seven  tones,  he  has  gF,  and  \Gl , 
\D  and  z\I>f  ^or  the  chords  F  A  C,  C  E  G,  G  B  B  zf  in  the  major,  and  \D  F  A, 
Ace,     E  \CrZ  B  z\^  in  ^ho  relative  minor. 

To  test  the  effect  of  scptimul  intonation  I  have  bid  an  instrument  tuned  to  give 
the  chords  — 
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The  chords  of  the  reverted  system  play  an  important  part  in 
modulations,  by  serving  to  mark  the  key  precisely.  The  most 
decisive  in  its  action  is  the  chord  of  the  Seventh  on  the  dominant 
of  the  key,  that  is  thie  chord  g  —  6  —  d  —  /for  the  tonic  C 
We  saw  (p.  530)  that  the  diminished  triad  &  —  d  — /could  be 
adapted  by  slight  changes  in  its  intonation  to  the  keys  of 

C  major,  C  minor,  A  minor,  ^Jf  minor,  and  E\^  minor. 

Of  these  only  the  two  first  contain  the  tone  (?,  so  that  the  chord 
g  -    b  —  d  —  /  can  belong  to  no  tonic  but  C. 

The  imperfect  minor  triad  d  —  /  —  a,  which,  when  the  in- 
tonation is  correct,  belongs  only  to  the  key  of  C  major,  admits  of 
being  confused  with  d — / — cc,  which  belongs  to  the  keys  of 
A  minor,  F  major,  and  B\}  major.  This  confusion  is  not  entirely 
obviated  by  adding  the  tone  c,  and  the  consequence  is  the  chord 
of  the  Seventh  d  — /  —  a  —  cis  usuaUy  employed  only  in  alter- 
nation with  the  chord  of  the  dominant  Seventh  in  the  cadence, 
where  it  distinguishes  C  major  from  C  minor.  But  the  addition 
of  the  tone  &  to  the  triad  d  — / —  a  is  characteristic,  because 
this  last  can  at  most  be  confused  with  b  —  ^  —  /  —  g,  which 
belongs  to  A  minor.  The  chord  5  —  d  — / —  (f,  however,  sounds 
comparatively  harsh  in  every  position  for  which  q  is  not  the 
highest  note,  and  hence  its  application  is  very  Umited.  It  is 
often  united  with  the  chord  of  the  dominant  Seventh  as  a  chord 
of  the  Ninth,  thus  g  —  J  —  d'  — f  —  «',  in  which  g  and  a'  must 
remain  the  extreme  tones.     More  upon  this  hereafter  (p.  542). 

In  the  key  of  C  minor,  the  triad  d  — /  —  d\}  would,  in  just 

Bbt^J,    FAC,    CEGzBbd,     G  B  d,    DfFfA 
perfectly.     The  effect  of  the  third  of  these  chords  far  surpasses  my  expectations,  and 
it  is  beyond  comparison  better  than  the  usual  chord  of  the  Ninth  with  Bb  fd  i°  place 
of  z^\>  d.     The  chord  of  the  sub-minor  Seventh  and  its  inversions 

CEGzBb,  EGzBbc,  G  zBb  c  e,  zS\>  o  e  g 
are  all  decidedy  superior  to  the  chord  of  the  dominant  Seventh,  with  Bb  in  place  of 
zBby  and  ita  inversions.  The  septimal  minor  Triad  G  zBb  rf  is  far  superior  to  the 
Pythagorean  minor  triad  D  F  \A,  or  the  false  minor  triad  J)  F  A,  and  is  not  far  in- 
ferior to  the  true  minor  triad  ^D  F  A  or  D  fF  fA,  The  septimal  diminished  triad 
E  G  zBb  approaches  consonance  much  more  nearly  than  the  usual  diminished  triad 
E  G  Bb.  Though  Poole's  ascending  scale  makes  too  great  a  gap  between  ^b  and  c, 
yet  by  using  zBb  D  as  alternative  tones  with  Bb  }A  ascending  with  the  sharper  and 
descending  with  the  flatter  forms,  we  obtain  the  perfectly  melodious  scales  of 

F  G  ABb  cdef    and    feXdczBbAGF, 
The*»e  facts  shew  the  acoustic  possibility  of  a  septimal  tlieory  of  harmony,  which 
would  include  the  tertian,  as  that  included  the  quintal — Translator.^ 
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intonation,  be  characteristic,  but  yet  it  is  easily  confused  with 
other  chords.     Thus 

d  — /  —  ab  belongs  to  C  minor 

4  —  /   —  al>  to  ^  major  and  E\>  minor 

d  — /  —  ^  to  il  minor 

d  —  ^  —  g^toI^  minor.* 

The  addition  of  the  tone  G  in  the  chord  of  the  Seventh 
d  — /  —  d\}  —  c  would  decisively  exclude  the  key  f^  only,  and 
the  addition  of  the  tone  ^  (which  in  imperfect  intonation  might 
be  confused  with  6  or  cj?)  would  also  readily  be  adapted  to  all  the 
above  keys.  This  last  chord  6  —  d  —  /  —  ab,  called  the  chord 
of  the  di/minished  Seventh^  appears  on  keyed  instruments  as  a 
series  of  minor  Thirds.  In  reality  a  Pythagorean  minor  Third  or 
superfluous  second  separates  the  normal  minor  Thirds,  thus : 

h  —  d — / —  a[>  —  6  —  d  — / —  d\>  —  J 

T  iT  T  "i?    f     M     f      ii 

Since  the  three  intervals  -J,  ||^,  and  ^J-  differ  but  very  slightly, 
they  are  readily  confused,  and  we  obtain  the  following,  nearly 
identical,  series  of  tones  : 

i  —  d  —  /  —  fib  —  6  in  (7  minor 
6  —  cl  —  f   —  ^  —  b  in  A  minor 

*  [In  the  notation  of  Appendix  XIX.  these  chords  are : — 
First,    d  I  /—fab  in  C   minor:  d  \  /—fab  +  o^-feb  +g  +  b  —  d  |  / 
Second,  \d — f  |  ab  in  Eb  miyor:  /  |  ab  -t  \o  —  eb  +  |^  —  *b  +  \d — /  j  ab 

or  in  Eb  minor:  /  |  ab  —  cb  +  «b — gb  +  bb  +  \d — /  |  ab 

Third,  d  —  Xf.'.gt  in  f^  minor:  fb  \  d  —  \f-¥  t^  — t^  +  t«  +  ^J  —  f*  |  d 
Fourth,  fd  ,\  fet  —  fffU  in  t^  minor : 

ti7«   I  t*  — N  +  t/'«— tt«  +  M  +  ^en  —  fgt  I  t^  —TVandator.^ 
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6    —  d  —  ^  —  gfJJ  —  6    in  I^  minor 

c[>  —  4  —  /   —  a[>  —  ct>in  E\^  minor.  * 


c 


74 


*        If       f 


These  chords  of  the  diminished  Seventh  do  not  form  so  sharp 
a  contrast  with  the  consonances  in  the  minor  mode,  as  the 
corresponding  chord  does  in  the  major  mode,  although  if  the 
intonation  is  just  the  dissonance  is  always  extremely  harsh  and 
cutting.  When  they  are  followed  by  the  triad  of  the  tonic,  the 
two  chords  together  contain  all  the  tones  of  the  key,  and  hence 
completely  characterise  it.  The  chief  use  of  the  chord  of  the 
diminished  Seventh  is  due  to  its  variability,  which  readily  leads  the 
harmony  into  new  keys.  By  merely  subjoining  the  minor  chords 
of  F^  Aj  C  or  E\^  the  new  key  will  be  completely  established.  It 
is  readily  seen  that  this  series  of  keys  itself  forms  a  chord  of  the 
diminished  Seventh,  the  tones  of  which  lie  a  Semitone  higher 
than  those  of  the  given  chord.  This  gives  a  simple  means  of 
recollecting  them.^ 

The  comprehension  of  the  whole  of  a  key  by  these  chords  is  of 

*  [Id  the  notation  of  Appendix  XIX.,  as  may  be  seen  by  the  scales  in  the  last  note, 


the  chords  are : — 

6    -   rf   1    / 

—  tab.-,    h 

in 

C  minor 

t*     1     rf-t/ 

:.  ffU-ib 

in 

^A  minor 

t*   -trf.\  tf« 

-iffU     tft 

in 

jFi  minor 

c\> :.  Xd-  f 

flb —   cb 

in 

Eb  minor. — IVanslatorJ] 

'  [The  last  three  sentences  of  the  above  paragraph  must  be  understood  in  the  sense 
of  equal  temperament  only,  confusing  the  many  tones  which  this  temperament  confuses. 
In  just  intonation  the  four  keys  are  fFZ »  iA,  C  and  Eb ,  which  have  no  such  connec- 
tion. Thus  on  forming  the  chords  of  the  diminished  Seventh  "|/5  —  tffl  |  ic  —  tt«b » 
or/5 — fa  I  c  —  t^b,or|/5 — a  \  \c  —  eb,  we  see  that  not  one  of  them  contains 
or  can  contain  the  tonics  of  the  four  keys  in  question.  In  just  intonation  if  any  one 
of  the  four  chords  in  the  last  note  were  foUowed  by  the  tonic  chord  of  any  of  the  keys 
except  that  key  on  the  same  line  with  it  in  the  text,  there  would  be  a  jump  into  another 
key.  This  jump  is  easy  to  execute  on  keyed  instruments,  but  would  it  be  possible  for 
unaccompanied  singers  ?    In  making  the  transitions 

b    d  f  fab  or    b    d   /  fab 

to    fc  ^e  fe  fa  to    e    e    e    a 

what  singer  could  be  trusted  for  making  the  first  rather  than  the  second,  when  three 
of  the  progressions  of  the  first  btofc.dto  fe,  f  to  fe  are  strange,  and  three  of  th« 
second  6  to  c,  <^  to  f,  and/  to  «  are  &miliar ? — Ihmdatar,] 
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special  importance  in  the  cadence  at  the  end  of  a  composition  or 
of  one  of  its  principal  sections.  For  this  purpose  we  have  also  to 
determine  what  fundamental  primary  tones  can  be  represented  by 
these  chords  of  the  Seventh. 

It  is  clear  that  a  single  musical  tone  can  never  be  more  tiian 
imperfectly  represented  by  the  tones  of  a  dissonant  chord.  But 
as  a  general  rule  some  of  these  tones  can  be  accepted  as  the  consti- 
tuents of  a  musical  tone.  This  gives  rise  to  a  practically  important 
difference  between  the  different  tones  of  such  a  chord.  Those 
tones  which  can  be  considered  as  the  elements  of  a  compoimd 
tone,  form  a  compact,  well-defined  mass  of  tone.  Any  one  or  two 
other  tones  in  the  chord,  which  do  not  belong  to  this  mass  of  tone, 
have  the  appearance  of  unconnected  tones,  accidentally  intruding. 
The  latter  are  called  by  musicians  the  diasonancea  or  the 
dissonant  n/)tes  of  the  chord.  Considered  independently,  of 
course,  either  tone  in  a  dissonant  interval  is  equally  dissonant  in 
respect  to  the  other,  and  if  there  were  only  two  tones  it  would  be 
absurd  to  call  one  of  them  only  ttie  dissonant  tone.  In  the  Seventh 
c  — b,  c  is  dissonant  in  respect  to  ^,  and  h  in  respect  to  c  In  the 
chord  c  —  e — g  —  5  the  notes  c  —  g  —  g  form  a  single  mass  of 
tone  corresponding  to  the  compoimd  tone  of  c,  and  6  is  an  uncon- 
nected tone  soimding  at  the  same  time.  Hence  the  three  tones 
c  —  e  —  g  have  an  independent  steadiness  and  compactness  of 
their  own.  But  the  unsupported  solitary  Seventh  h  has  to  stand 
against  the  preponderance  of  the  other  tones,  and  it  could  not  do 
so  either  when  executed  by  a  singer,  or  heard  by  a  listener,  unless 
the  melodic  progression  were  kept  very  simple  and  readily  in- 
telligible. Consequently  particular  rules  have  t^  be  observed  for 
the  progression  of  the  part  which  produces  this  note,  whereas  the 
introduction  of  c,  which  is  sufficiently  j  iistified  by  the  chord  itself, 
is  perfectly  free  and  unfettered.  This  practical  difference  in  the 
laws  of  progression  of  parts  is  indicated  by  musicians  in  their 
terming  h  alone  the  dissonant  note  of  this  chord ;  and  although 
the  expression  is  not  a  very  happy  one,  we  can  have  no  hesitation 
in  retaining  it,  after  its  real  meaning  has  been  thus  explained. 

We  now  proceed  to  examine  each  of  the  previous  chords  of  the 
Seventh  with  a  view  to  determine  what  compound  musical  tone 
they  represent,  and  which  are  their  dissonant  tones. 

1.  The  chord  of  ttte  doTnlnant  Seventh,  g  —  h —  d — /,  con- 
tains three  tones  belonging  to  the  compound  tone  of  (?,  namely 
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g^  bj  and  (Z,  and  the  Seventh  /  is  the  dissonant  tone.  But  we 
musi observe  that  the  minor  Seventh  g — /(or  *-^  =  f J x{)  ap- 
proaches so  near  to  the  ratio  {^,  which  would  be  almost  exactly 
represented  by  g  — f,  (see  p.  534),  that  /  may  in  any  case  pass  as 
the  seventh  partial  tone  of  the  compound  O.  Singers  probably 
often  exchange  the/  of  the  chord  of  the  dominant  Seventh  for/,* 
partly  because  it  usually  passes  into  $,  partly  because  they  thus 
diminish  the  harshness  of  the  dissonance.  This  can  easily  be  done 
when  the  pitch  of  /  is  not  determined  in  the  preceding  chord  by 
some  near  relationship.  Thus  if  the  consonant  chord  g  —  J  —  d 
had  already  been  struck  and  then  /  were  added,  it  would  readily  fall 
into  /,  because  /is  itself  unrelated  to  gr,  fe,  or  d.  Hence  although  the 
chord  of  the  dominant  Seventh  is  dissonant  its  dissonant  tone  so 
nearly  corresponds  to  the  corresponding  partial  tone  in  the  com- 
pound tone  of  the  dominant,  that  the  whole  chord  may  be  very 
well  regarded  as  a  representative  of  that  compound  tone.  For 
this  reason,  doubtless,  the  Seventh  of  this  chord  has  been  set  free 
from  many  obligations  in  the  progression  of  parts  to  which  dis- 
sonant Sevenths  are  otherwise  subjected.  Thus  it  is  allowed  to  be 
introduced  freely  without  preparation,  which  is  not  the  case  for  the 
other  Sevenths. 

The  chord  of  the  dominant  Seventh  consequently  plays  the  second 
most  important  pai-t  in  modem  music,  standing  next  to  the  tonic. 
It  exactly  defines  the  key,  more  exactly  than  the  simple  triad 
g  —  h  —  d,  or  than  the  diminished  triad  b  —  d  — /.  As  a  dis- 
sonant chord  it  urgently  requires  to  be  resolved  on  to  the  tonic 
chord,  which  the  simple  dominant  triad  does  not.  And  finally 
its  harmoniousness  is  so  extremely  little  obscured,  that  it  is  the 
softest  of  all  dissonant  chords.  Hence  we  could  scarcely  do  without 
it  in  modem  music.  This  chord  appears  to  have  been  discovered 
in  the  beginning  of  the  seventeenth  century  by  Monteverde. 

2.  The  chord  of  the  Seventh  upon  the  Second  of  a  major  scale^ 
d  — /  —  a  —  c,  has  three  tones,/,  a,  c,  which  belong  to  the  com- 
pound tone  of  F.  When  the  intonation  is  just,  d  is  dissonant  with 
each  of  the  three  tones  of  this  chord,  and  hence  must  be  regarded 

*  [Here  \f  must  be  considered  as  the  representative  of  if.  Singers  would  not 
naturally  take  such  a  strange  artificial  approximation  as  t/>  unless  led  by  an  instru- 
ment. Unaccompanied  singers  could  only  choose  between /and  ^,  and  singers  of 
unaccompanied  melodies  are  said  often  to  choose  g/when  descending  to  e.  What  is 
tl\t'  custom  in  unaccompanied  choirs,  which  hare  not  been  trained  to  give/,  has,  so  far 
as  I  know,  not  been  recorded. — TransitUor.]  * 
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as  the  dissonant  note.  This  would  make  the  fundamental  position 
of  this  chord  to  be  that  which  Bameau  assigned,  making  /  the 
root,  thus :  /  —  g  — c  —  d,  which  is  a  position  of  the  Fifth  and 
Sixth,  and  the  chord  is  called  by  Bameau  the  chord  of  the  major 
Sixth.  This  is  the  position  in  which  the  chord  usually  appears  in 
the  final  cadence  of  G  major.^  Its  meaning  and  its  relation  to  the 
key  is  more  certain  than  that  of  the  false  mi/nor  chord  d  — / —  g, 
mentioned  on  page  527,  which  as  executed  by  a  singer  or  heard  by 
a  listener  is  readily  apt  to  be  confused  with  4  — / —  a  in  the  key 
of  A  minor.  By  changing  d  — / — q  into  ^  — / —  q  we  obtain  a 
minor  chord,  to  which  there  will  be  a  great  attraction  when  the 
relation  of  dtog  is  not  made  very  distinct.  But  if  we  were  to 
change  d  into  (}  in  the  chord  d — / — q  —  c,  thus  producing 
d — / — a  —  c,  although  d  would  be  consonant  with  /  and  a  it 
would  not  be  so  with  c ;  on  the  contrary,  the  dissonance  d  —  c  is 
much  harsher  than  d  —  c,  and  after  all,  it  would  be  only  the  tone 
q  which  would  enter  into  the  compound  tone  of  d^  so  that,  not- 
withstanding this  change,  /,  which  contains  three  tones  of  the 
chord  in  its  own  compound  tone,  would  predominate  over  ^,  which 
has  only  two.  In  accordance  with  this  view,  I  find  the  chord 
/  —  q  —  c  —  d  when  used  on  the  justly-intoned  harmonium,  as 
subdominant  of  (7 major,  produces  a  better  effect  than/ — g — c — d* 

3.  The  corresponding  chord  of  the  Seventh  on  the  Second  of 
the  minor  scale^  d  — / —  ab  —  c,  has  only  one  tone,  c,  which  can  be 
regarded  as  a  constituent  of  the  compound  tone  of  either  /  or  a|>. 
But  since  c  is  the  third  partial  of  /  and  only  the  fifth  partial  of 
a[>,  /  as  a  rule  predominates,  and  the  chord  must  be  regarded  as  a 
subdominant  chord  /  —  d\}  —  c  with  the  addition  of  dissonant  d. 
There  is  still  less  inducement  to  change  d  intx)  d  iii  this  case  than 
in  the  last. 

4.  The  chord  of  the  Seventh  on  the  Seventh  of  the  major  scale, 
h  —  d — /  —  (2P,  contains  two  tones,  6  and  (Z,  belonging  to  the 
dominant  gr,  and  two  others,/,  and  q,  belonging  to  the  subdominant 
/.  Hence  the  chord  therefore  splits  into  two  equally  important 
halves.  But  we  must  observe  that  the  two  tones/  and  q  approach 
very  closely  to  the  two  next  partial  tones  of  the  compound  tone 
of  0,  The  partials  of  this  compound  tone  from  the  fourth  onwards 
may  be  written — 

*  [But  ID  its  progression  to  the  chord  of  G,  c  and  not  d  is  treated  as  dissonant, 
that  is,  the  chord  is  assumed  to  be  {rf  — /  +  a  —  c. — Iranslaior.] 
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g  —  h  —  d—f  —  g  —  a 
4       6       6     7»      8       9 

Hence  the  chord  of  the  Ninth  g  —  6  —  d — / — g  may  represent 
the  compound  tone  of  the  dominant  g^  provided  that  the  similarity 
be  kept  clear  by  the  position  of  the  tones,  g  being  the  lowest  and 
a  the  highest ;  it  is  also  best  not  to  let/  fall  too  low.  Since  a  is 
the  ninth  partial  tone  of  the  compound  flr,  which  is  very  weak  in 
all  usual  qualities  of  tone,  and  is  often  inaudible,  and  since  there 
is  the  interval  of  a  comma  between  a  and  g  and  also  between 
/  and  /,  care  must  be  taken  to  render  the  resemblance  of  the  chord 
of  the  Ninth  to  the  compoimd  tone  of  g,  as  strong  as  possible,  by 
adopting  the  device  of  keeping  q  uppermost,  and  then  the  use  of 
/,  g,  for/,  a,  will  not  be  very  striking.  In  this  case  /  and  a  must 
be  considered  as  the  dissonant  notes  of  the  chord  of  the  Ninth 
g  —  6  —  d — / — ^,  because  although  they  are  very  nearly  the 
same,  they  are  not  quite  the  same,  as  the  partial  tones  of  0.  The 
rules  of  composition  throw  no  diflSculties  in  the  way  of  introducing 
a  into  the  chord,  for  the  same  reasons  that  /  is  allowed  to  be 
introduced  into  the  chord  of  the  dominant  Seventh,  g — b — d — / 
without  preparation.  Lastly,  some  of  the  tones  of  the  pentad  chord 
of  the  Ninth  may  be  omitted,  to  reduce  it  to  four  parts ;  for  ex- 
ample, its  Fifth,  as  in  g — h — f — g,  or  its  root,  as  in  h — d — f — g. 
If  only  the  order  of  the  tones  is  preserved  as  much  as  possible,  and 
especially  the  g  kept  uppermost,  the  chord  will  always  be  recognised 
as  a  representative  of  the  compound  tone  of  0. 

This  seems  to  me  the  simple  reason  why  musicians  find  it 
desirable  to  make  g  the  highest  tone  in  the  chord  J  —  d  — /  —  g. 
Hauptmann,  indeed,  gives  this  as  a  rule  without  exception,  and 
assigns  rather  an  artificial  reason  for  it.  The  ambiguity  of  the 
chord  will  thus  be  obviated  as  far  as  possible,  and  it  receives  a 
clearly  intelligible  relation  to  the  dominant  of  the  key  of  C  major, 
whereas  in  other  positions  of  the  same  chord  there  would  be  too 
great  a  chance  of  confusing  it  with  the  subdominant  of  A  minor.' 
When  the  intonation  is  just,  the  chord  g  —  6  —  d  — / —  a,  which 
consists  (very  nearly  indeed)  of  the  partial  tones  of  the  compoimd 

*  [Supposing  t/^to  be  used  for  ^,  as  already  explained,  see  p.  539,  note,  so  that 
the  above  chord  represents  g  h  d  zf.g  fa* — Trandator,'] 

'  [The  rootless  chord  of  the  Ninth  on  the  dominant  of  C  major  is,  in  my  notation, 
b  —  d  I  /  +  a,  and  the  sub-dominant  of  A  minor  is  i  |  \d  —  /  +  a,  which  would  not 
be  confused  in  just  intonation. — Trandator,'] 
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tone  of  g^  sounds  very  soft,  and  but  slightly  dissonant;  the  chord  of 
the  Ninth  in  the  key  of  (7  major,  ^  —  & — d! — f — g',  and  the 
chord  of  the  Seventh  in  the  position  &  —  df  — f  —  g',  sound  some- 
what rougher,  on  account  of  the  Pythagorean  Third  df  — /',  and 
the  imperfect  Fifth  d'  —  q\  but  they  are  not  very  harsh.  If, 
however,  qf  is  taken  lower,  they  become  very  rough  indeed.' 

The  chord  of  the  Seventh  ^  —  d  — /  —  a  and  the  foUomng 
triad  c  —  $  —  ^,  as  already  observed,  contain  all  the  tones  in  the 
key  of  C  major,  and  hence  this  chordal  succession  is  extremely 
well  adapted  for  a  brief  and  complete  characterisation  of  the  key. 

5.  The  chord  of  the  dAminiahed  Seventh^  b  —  d  — /  —  db, 
and  the  minor  chord  c  —  eb  —  flr,  have  the  last  mentioned  pro- 
perty for  the  minor  key  of  (7,  and  for  this  reason  as  well  as  for  its 
great  variability  (p.  537)  it  is  largely,  perhaps  &li  too  largely 
(p.  497),  employed  in  modem  music,  especially  for  modulations. 
It  contains  no  note  which  belongs  to  the  compound  tone  of  any 
other  note  in  the  chord,  but  the  three  tones  J  —  d  —  /  may  be 
regarded  as  belonging  to  the  compound  tone  of  g,  so  that  it  also 
presents  the  appearance  of  a  chord  of  the  Ninth  in  the  form 
g  —  6  —  d  —  /  —  a[>.  It  therefore  imperfectly  represents  the 
compound  tone  of  the  dominant,  with  an  intruded  tone  dt>,  and 
/  and  d\}  may  therefore  be  regarded  as  its  dissonant  tones.  But 
the  connection  of  the  three  tones  J  —  d  — /with  the  compound 
tone  of  ^  is  not  so  distinctly  marked  as  to  make  it  necessary  to 
subordinate  the  progression  of  the  tones  /  and  a\}  to  that  of  6  and 
d.  At  least  the  chord  is  allowed  to  commence  without  pre- 
paration, and  it  is  resolved  by  the  motion  of  all  its  tones  to  those 
tones  of  the  scale  which  make  the  smallest  intervals  with  them, 
for  its  elements  are  not  suflSciently  well  connected  with  one  another 
to  allow  of  wide  steps  in  its  resolution. 

6.  The  chorda  of  the  major  Seventh  in  the  direct  system  of 
the  key,  as/  —  a  —  c  —  e  and  c  —  g  —  g  —  J  in  (7  major,  and 
d\}  —  c  —  eb  —  fl^in(7  minor,  as  already  remarked,  mainly  re- 
present a  major  chord  with  the  major  Seventh  as  dissonant  tone. 
The  major  Seventh  forms  rather  a  rough  dissonance,  and  is 
decidedly  opposed  to  the  triad  below  it,  into  which  it  will  not  fit 
at  all. 

7.  The  chords  of  the  minor  Seventh  in  the  direct  system  of 

>  [See  the  observations  at  the  end  of  note  1,  p.  634. — Transiator.] 


.Chaf.  XVII.  IN  CHORDS  OF  THE  SEVENTH.  643 

the  key,  as  (i  —  c  —  e  —  g  and  e  —  g  —  h  —  d,  give  greatest 
prominence  to  the  compound  tone  of  their  Thirds,  to  which  their 
bass  seems  to  be  subjoined.  Thus  c  —  g  —  g  —  q  is  the  com- 
pound tone  of  c  with  an  added  g,  and  g  —  ^  —  d  —  e  is  the 
compoimd  tone  of  g  with  an  added  e.  But  since  c  —  e  —  g  and 
g  —  h  —  d,  being  the  principal  triads  of  the  key,  are  constantly  re- 
curring, this  addition  of  a  and  g  respectively  gives  by  contrast  great 
prominence  to  these  tones  ;  moreover,  the  a  and  e  in  these  chords 
of  the  Seventh  are  not  so  isolated  as  the  din  d  — / —  q  —  c, 
which  has  no  true  Fifth  in  the  chord.  The  gin(j  —  c  —  g  —  g 
has  the  Fifth  6,  and  even  the  Seventh  g  which  belongs  to  its  com- 
pound tone  ;  and  in  the  same  way  the  J  and  dofg  —  g  —  6  —  d 
may  be  considered  to  belong  to  the  compound  tone  of  (^.  Hence 
the  tone  a  in  the  first  and  §  in  the  second  are  not  necessarily 
subject  to  the  laws  of  the  resolution  of  dissonant  notes. 

Writers  on  harmony  are  accustomed  to  consider  the  normal 
position  of  all  these  chords  to  be  that  of  the  chord  of  the  Seventh, 
and  to  call  the  lowest  tone  its  root.  Perhaps  it  would  be  more 
natural  to  consider  c  —  g  —  g  —  a  as  the  principal  position  of 
the  chord  a  —  c  —  g  —  g  and  c  as  its  root.  But  this  latter 
chord  is  a  compoimd  tone  of  c  with  an  inclination  to  a,  and  in 
modulations  this  intrusion  of  the  tone  of  g  is  utilised  for  proceed- 
ing to  those  chords  related  to  q  which  are  not  related  to  the  chord 
c  —  e  —  gr,  for  example  to  d  — /  —  a.  In  the  same  way  we 
can  proceed  from  g  —  6  —  d  —  g  to  q  —  c  —  g,  which  would 
be  a  jump  from  g  —  6  —  d.  For  modulation,  therefore,  the  q 
and  g  are  essential  parts  of  these  chords  respectively,  and  in  this 
practical  light  they  might  be  called  the  fundamental  tones  of 
their  respective  chords. 

8.  The  chord  of  the  Seventh  on  the  tonic  of  the  minor  key^ 
c  —  e\}  —  g  —  ft,  is  seldom  used,  because  h  in  the  minor  key 
belongs  essentially  to  ascending  motion,  and  a  resolved  Seventh 
habitually  descends.  Hence  it  would  be  always  better  to  form 
the  chord  c  —  eb  —  9  —  ^bj  which  is  similar  to  the  chords  con- 
sidered in  No.  7. 
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CHAPTER  XVIII. 

LAWS  OF  THE  PROGRESSION  OF  PARTS. 

Up  to  this  point  we  have  considered  only  the  relations  of  the  tones 
in  a  piece  of  music  with  its  tonic  tone,  and  of  its  chords  with  its 
tonic  chord.  On  these  relations  depends  the  connection  of  the 
parts  of  a  mass  of  tone  into  one  coherent  whole.  But  besides  this 
the  succession  of  the  tones  and  chords  must  be  regulated  by  natural 
relations.  The  mass  of  tone  thus  becomes  more  intimately  bound 
up  together,  and,  as  a  general  rule,  we  must  aim  at  producing 
such  a  connection,  although,  exceptionally,  peculiar  expression  may 
necessitate  the  selection  of  a  more  violent  and  less  obvious  plan  of 
progression.  In  the  development  of  the  scale  we  saw  that  the 
connection  of  all  the  notes  by  means  of  their  relation  to  the  tonic, 
if  originally  perceived  at  all,  was  at  most  but  very  dimly  seen, 
and  was  apparently  replaced  by  the  chain  of  Fifths ;  at  any  rate, 
the  latter  alone  was  sufficiently  developed  to  be  recognised  in  the 
Pythagorean  construction  of  tonal  systems.  But  by  the  side  of 
our  strongly  developed  feeliug  for  the  tonic  in  modem  harmonic 
music,  the  necessity  for  a  linked  connection  of  individual  tones 
and  chords  is  still  recognised,  although  the  chain  of  Fifths,  which 
originally  connected  the  tones  of  the  scale,  as 

/  —  c  —  g  —  d  —  a  —  e  —  6, 

has  been  interrupted  by  the  introduction  of  perfect  major  Thirds, 
and  now  appears  as 

/  —  c  —  g  —  d  I  d  —  Of  —  S  —  6. 

The  tnusical  connection  between  two  consecutive  notes  may  be 
eflFected : 

1.  By  the  relation  of  their  compound  tones. 

This  is  either : 

a.)  direct,  when  the  two  consecutive  tones  form  a  perfectly 
consonant  interval,  in  which  case,  as  we  have  previously  seen,  one 
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of  the  clearly  perceptible  partial  tones  of  the  first  note  is  identical 
with  one  of  the  second.  The  pitch  of  the  following  compound 
tone  is  then  clearly  determined  for  the  ear.  This  is  the  best  and 
surest  kind  of  connection.  The  closest  relationship  of  this  kind 
exists  when  the  voice  jumps  a  whole  Octave ;  but  this  is  not  usual 
in  melodies,  except  with  the  bass,  as  the  alteration  of  pitch  is  felt 
to  be  too  sudden  for  the  upper  part.  Next  to  this  comes  the  jump 
of  a  Fifth  or  Fourth,  both  of  which  are  very  definite  and  clear. 
After  these  follow  the  steps  of  a  major  Sixth  or  major  Third,  both 
of  which  can  be  readily  taken,  but  some  uncertainty  begins  to  arise 
in  the  case  of  minor  Sixths  and  minor  Thirds.  Esthetically  it 
should  be  remarked,  that  of  all  the  melodic  steps  just  mentioned, 
the  major  Sixth  and  major  Third  have,  I  might  almost  say,  the 
highest  degree  of  thorough  beauty.  This  possibly  depends  upon 
their  position  at  the  limit  of  clearly  intelligible  intervals.  The 
steps  of  a  Fifth  or  Foiurth  are  too  clear,  and  hence  are,  as  it  were, 
drily  intelligible ;  the  steps  of  minor  Thirds,  and  especially  minor 
Sixths,  begin  to  sound  indeterminate.  The  major  Thirds  and 
major  Sixths  seem  to  hold  the  right  balance  between  darkness  and 
light.  The  major  Sixth  and  major  Third  seem  also  to  stand  in  the 
same  relation  to  the  other  intervals  harmonically. 

b.)  indirect,  of  the  second  degree  only.  This  occurs  in  the 
regular  progression  of  the  scale,  proceeding  by  Tones  or  Semitones. 
For  example: 

c —  d  d  —  g  g  — / 

■*-  »  -**  *- — I — '  V — ^ — ; 

G  G  C 

The  whole  major  tone  c  —  d  proceeds  from  the  Fourth  to  the 
Fifth  of  the  auxiliary  tone  (?,  which  Rameau  supposed  to  be 
subjoined  as  the  fundamental  bass  of  the  above  melodic  progression. 
The  minor  Tone  d  —  e  proceeds  from  the  Fifth  to  the  major  Sixth 
of  the  auxiliary  tone  G,  and  the  Semitone  e  — /  from  the  major 
Third  to  the  Fourth  of  the  auxiliary  tone  C.  But  in  order  that 
these  auxiliary  tones  may  readily  occur  to  both  singer  and  hearer, 
they  must  be  the  principal  tones  of  the  key.  Thus  the  step  a  —  h 
in  the  major  scale  of  C  causes  the  singers  a  little  trouble,  although 
it  is  only  the  interval  of  a  major  Tone,  and  could  be  easily  referred 
to  the  auxiliary  tone  E.  But  the  sound  of  e  is  not  so  firm  and 
ready  in  the  mind,  as  the  sound  of  G  and  its  Fifths  G  and  F. 
Hence  the  hexachord  of  Guide  of  Arezzo,  which  was  tlie  normal 

N  N 
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scale  for  singers  throughout  the  middle  ages,  ended  at  the  Sixth.^ 
This  hexachord  was  sung  with  different  pitches  of  the  first  note, 
but  always  formed  the  same  melody  : 


m 

Re 

Mi 

Fa 

Sol 

La 

er 

0 

A 

B 

C 

D 

E 

or 

C 

D 

E 

F 

0 

A 

or 

F 

0 

A 

Bh 

C 

D 

So  that  the  interval  Mi  —  Fa  always  marked  the  Semitone. 

For  the  same  reason  Rameau  preferred,  in  the  minor  scale,  to 
refer  the  steps  d  —  ^  and  6t>  —  f  to  G  and  C  as  auxiliary  tones, 
rather  than  to  B\},  the  Seventh  of  the  descending  scale,  which  had 
no  sufficiently  close  relationship  to  the  Tonic,  and  hence  was  not 
well  enough  impressed  on  the  singer's  mind  for  such  a  purpose. 
Taking  g  and  c,  the  Octaves  of  G  and  G  as  the  auxiliary  tones, 
motion  in  d  —  eb  is  from  the  Fourth  below  g  to  the  major  Third 
below  it,  and  in  e|;>  — /  from  the  major  Sixth  below  c  to  the  Kfth 
below  it.  On  the  other  hand,  it  is  impossible  to  reduce  the  step 
a\}  —  6  in  the  minor  scale  to  any  relationship  of  the  second  degree. 
It  is  therefore  also  decidedly  unmelodic  and  had  to  be  entirely 
avoided  in  the  old  homophonic  music,  just  as  the  steps  of  the  false 
Fifths  and  Fourths,  as  h  — f\  or  /'  —  b\  Hence  the  alterations 
in  the  ascending  and  descending  minor  scales  already  mentioned. 

In  modem  haimonic  music  many  of  these  difficulties  have 
disappeared,  or  become  less  sensible,  because  correct  harmonisation 
can  exhibit  the  connections  which  are  absent  in  the  melodic  pro- 
gression of  an  unaccompanied  voice.  Hence  also  it  is  much  easier 
to  take  a  part  at  sight  in  a  harmony,  written  in  pianoforte  score, 
which  shews  its  relations,  than  to  sing  it  from  an  unconnected  part. 
The  former  shews  how  the  tone  to  be  simg  is  connected  with  the 
whole  harmony,  the  latter  gives  only  its  connection  with  the 
adjacent  tones.^ 

2.  Tones  may  be  connected  by  their  approximation  in  pitch. 

This  relation  has  been  considered  previously  in  relation  to  the 

*  For  the  same  reason  d'AIembert  explains  the  limits  of  the  old  Greek  heptachord, 
by  means  of  two  connected  tetrachords — 

b  —  c —  d  —  e — / — ff — a 
in  which  the  step  a  —  6  is  avoided.     But  this  explanation  would  only  suit  a  key  in 
which  c  was  the  tonic,  and  this  was  probably  not  the  case  for  the  ancient  Greek  scale. 

'  [Hence  any  means  of  shewing  the  relation  of  each  tone  to  the  tonic  of  the 
moment,  as  in  the  Tonic  Solfa  system  or  the  use  of  the  duodenal  (p.  471,  note),  ma- 
terially facilitates  sight-singing.— TVawa/a/or.] 
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leading  note.  The  same  holds  good  for  the  intercalated  tones  in 
chromatic  passages.  For  example,  if  in  C  major,  we  replace 
C  —  Dhy  G  —  0J|:  —  Z),  this  C^  has  no  relation  either  of  the 
first  or  second  degree  with  the  tonic  (7,  and  also  no  harmonic  or 
modulational  significance.  It  is  nothing  but  a  step  intercalated 
between  two  tones,  which  has  no  relation  to  the  scale,  and  only 
serves  to  render  its  discontinuous  progression  more  like  the  gliding 
motion  of  natural  speech,  or  the  continuity  of  weeping  or  howling. 
The  Greeks  carried  this  subdivision  still  further  than  we  do  at 
present,  by  splitting  up  a  Semitone  into  two  parts  in  their  enhar- 
monic system  (p.  408).  Notwithstanding  the  strangeness  of  the 
tone  to  be  struck,  chromatic  progression  in  Semitones  can  be 
executed  with  sufficient  certainty  to  allow  it  to  be  used  in  modu- 
lational transitions  for  the  purpose  of  suddenly  reaching  very  dis- 
tant keys. 

Italian  melodies  are  especially  rich  in  such  intercalated  tones. 
Investigations  of  the  laws  under  which  they  occur  will  be  found  in 
two  essays  of  Sig.  A.  Basevi.^  The  rule  is  without  exception  that 
tones  foreign  to  the  scale  can  be  introduced  only  when  they  difier 
by  a  Semitone  from  the  note  of  the  scale  on  to  which  they  resolve, 
while  any  tones  belonging  to  the  scale  itself  can  be  freely  intro- 
duced although  out  of  harmony  with  the  accompaniment,  and  even 
requiring  the  step  of  a  whole  Tone  for  their  resolution. 

In  the  same  way  steps  of  a  whole  tone  may  be  made,  provided 
the  notes  lie  in  the  scale,  when  they  serve  merely  to  connect  two 
other  tones  which  belong  to  chords.  These  are  the  so-called 
passing  or  changing  notes.  Thus  if  while  the  triad  of  G  major 
is  sustained,  a  voice  sings  the  passage  c  —  d  —  g  — /  —  gr,  the 
two  notes  d  and  /  do  not  suit  the  chord,  and  have  no  relation  to 
the  harmony,  but  are  simply  justified  by  the  melodic  progression 
of  the  single  voice.  It  is  usual  to  place  these  passing  notes  on 
the  unaccented  parts  of  the  bar,  and  to  give  them  a  short  duration. 
Thus  in  the  above  example  c,  g,  g  would  &11  on  accented  parts  of 
the  bar.  Then  d  is  the  passing  note  between  c  and  g,  and  / 
between  e  and  g.  It  is  essential  for  their  intelligibility  that  they 
should  make  steps  of  Semitones  or  whole  Tones.  They  thus  pro- 
duce a  simple  melodic  progresssion,  which  flows  on  freely,  without 
giving  any  prominence  to  the  dissonances  produced. 

*  *  Introduction  4  on  noaveaa  Syst&me  d'Harmonie,' tradiiit  par  L.  Dol&tre;  Florence, 
1S55.     'Stndj  soil*  Armonia/  Firenze,  1865. 
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Even  in  the  essentially  dissonant  chords  the  rule  is,  that  dis- 
sonant tones  which  intrude  on  the  body  of  the  other  tones  must 
proceed  in  a  melodic  progression,  which  can  be  easily  imderstood  and 
easily  performed.  And  since  the  feeling  for  the  natural  relations 
of  such  an  isolated  tone  is  almost  overpowered  by  the  simultaneous 
80Ui)d  of  the  other  tones  which  force  themselves  much  more  strongly 
on  the  attention,  both  singer  and  hearer  are  thrown  upon  tiie 
gradual  diatonic  progression  as  the  only  means  of  clearly  fixing  the 
melodic  relations  of  a  dissonant  note  of  this  description.  Hence 
it  is  generally  necessary  that  a  dissonant  note  should  enter  and 
leave  the  chord  by  degrees  of  the  scale. 

Chords  must  be  considered  essentially  dissonant,  in  which  the 
dissonant  notes  do  not  enter  as  passing  notes  over  a  sustained 
chord,  but  are  either  accompanied  by  an  especial  chord,  differing 
form  the  preceding  and  following  chords,  or  else  are  rendered  so  pro- 
minent by  their  duration  or  accentuation,  that  they  cannot  possibly 
escape  the  attention  of  the  hearer.  It  has  been  already  remarked 
that  these  chords  are  not  used  for  their  own  sakes,  but  merely  as  a 
means  of  increasing  the  feeling  of  onward  progression  in  the  com- 
position. Hence  it  follows  for  the  motion  of  the  dissonant  note, 
that  when  it  enters  and  leaves  the  chord,  it  will  either  ascend  on 
each  occasion  or  descend  on  each.  If  we  allow  it  to  reverse  its 
motion  in  the  second  half,  and  thus  return  te  its  original  position, 
there  would  seem  te  have  been  no  reason  for  the  dissonance.  It 
would  in  that  case  have  been  better  to  leave  the  note  at  rest  in  its 
consonant  position.  A  motion  which  returns  te  its  origin  and 
creates  a  dissonance  by  the  way,  had  better  be  avoided ;  it  has  no 
object. 

Secondly  it  may  be  laid  down  as  a  rule,  that  the  motion  of  the 
dissonant  note  should  not  be  such  as  to  make  the  chord  consonant 
without  any  change  in  the  other  notes.  For  a  dissonance  which 
disappears  of  itself  provided  we  wait  for  the  next  step,  gives  no 
impetus  to  the  progress  of  the  harmony.  It  sounds  poor  and  un- 
justified. This  is  the  principal  reason  why  chords  of  the  Seventh 
which  have  te  be  resolved  by  the  motion  of  the  Seventh,  can  only 
permit  the  Seventh  te  descend.  For  if  the  Seventh  ascended  in 
the  scale,  it  would  pass  into  the  octave  of  the  lowest  tene,  and  the 
dissonance  of  the  chord  would  disappear.  When  Bach,  Mozart, 
and  others  use  such  progressions  for  chords  of  the  dominant 
Seventh,  the  Seventh  has  the  effect  of  a  passing  note,  and  must  be 


Chap.  XVm.  RESOLUTION  OF  DISSONANCES.  549 

SO  treated.  In  that  case  it  has  no  effect  on  the  progression  of  the 
harmony. 

The  pitch  of  a  single  dissonant  note  in  a  chord  of  many  parts 
is  determined  with  greatest  certainty,  when  it  has  been  previously 
heard  as  a  consonance  in  the  preceding  chord,  and  is  .merely 
sustained  while  the  new  chord  is  introduced.  Thus  if  we  take  the 
following  succession  of  chords : 

Q—d—g—h 
c  — S  —g  —  b 

the  h  in  the  first  chord  is  determined  by  its  consonance  with  0* 
It  simply  remains  while  the  tones  c  and  e  are  introduced  in  place 
of  0  and  c2,  and  thus  becomes  a  dissonance  in  the  chord  of  the 
Seventh  c  —  g  —  g  —  6.  In  this  case  the  dissonance  is  said  to 
be  prepared.  This  was  the  only  way  in  which  dissonances  might 
be  introduced  down  to  the  end  of  the  sixteenth  century.  Prepared 
dissonances  produce  a  peculiarly  powerful  effect:  a  part  of  the 
preceding  chord  lingers  on,  and  has  to  be  forced  from  its  position 
by  the  following  chord.  In  this  way,  an  effort  to  advance  against 
opposing  obstacles  which  only  slowly  yield,  is  very  effectively 
expressed.  And  for  the  same  reason  the  newly  introduced  chord 
(c  —  g  —  gr  in  the  last  example)  must  enter  on  a  strongly  accented 
part  of  the  bar;  as  it  would  otherwise  not  suflSciently  express 
exertion.  The  resolution  of  the  prepared  dissonance,  on  the 
contrary,  naturally  falls  on  an  unaccented  part  of  the  bar.  Nothing 
sounds  worse  than  dissonances  played  or  sung  in  a  dragging  or 
uncertain  manner.  In  that  case  they  appear  to  be  simply  mistakes. 
They  are,  as  a  rule,  only  justified  by  expressing  energy  and  vigorous 
progress. 

Such  prepared  dissonances,  termed  arispensionSj  may  occur  in 
many  other  chords  besides  those  of  the  Seventh.     For  example : 

Preparation :  0  —  c  —  § 
Suspension  :  0  —  c  —  d 
Resolution :       0  — ^  —  d 

The  tone  c  is  the  prepared  dissonance ;  in  the  second  chord, 
which  must  fall  on  an  accented  part  of  the  bar,  d  the  Fifth  of  0 
is  introduced  and  generates  the  dissonance  c  —  d,  and  then  c  must 
give  way,  and  according  to  our  second  rule,  must  go  further  from 
d,  which  results  in  the  resolution  0  —  B  —  d.  The  chords  might 
also  be  played  in  the  inverse  order,  and  then  d  would  be  a  prepared 
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dissonance  which  was  forced  away  by  c.  But  this  is  not  so  good, 
because  descending  motion  is  better  suited  than  ascending  motion 
to  an  extruded  note.  Heightened  pitch  always  gives  us  invo- 
luntarily the  impression  of  greater  effort,  because  we  have  con- 
tinually to  exert  our  voice  in  order  to  reach  high  tones.  The 
dissonant  note  on  descending  seems  to  yield  suitably  to  superior 
force,  but  on  ascending  it  as  it  were  rises  by  its  own  exertion.  But 
circumstances  may  render  the  latter  course  advisable,  and  its 
occurrence  is  not  imirequent. 

In  the  other  case,  especially  frequent  for  chords  of  the  Seventh, 
when  the  dissonant  note  is  not  prepared  but  is  struck  simultane- 
ously with  the  chord  to  which  it  is  dissonant,  the  signification  of 
the  dissonance  is  different.  Since  these  unprepared  Sevenths  must 
usually  enter  by  the  descent  of  the  preceding  note,  they  may 
be  always  considered  as  descending  from  the  Octave  of  the  root  of 
their  chord,  by  supposing  a  consonant  major  or  minor  chord  having 
the  same  root  as  the  chord  of  the  Seventh  to  be  inserted  between 
that  and  the  preceding  chord.  In  this  case  the  entrance  of  the 
Seventh  merely  indicates  that  this  consonant  chord  begins  to  break 
up  immediately  and  that  the  melodic  progression  gives  a  new 
direction  to  the  harmony.  This  new  direction,  leading  to  the  chord 
of  resolution,  must  be  emphasised,  and  hence  the  dissonance 
necessarily  falls  on  the  preceding  unaccented  part  of  a  bar. 

The  introduction  of  an  isolated  dissonant  note  into  a  chord  of 
several  parts  cannot  generally  be  used  as  the  expression  of  exertion, 
but  this  character  will  attach  to  the  introduction  of  a  chord  as 
against  a  single  note,  supposing  that  this  single  note  is  not  too 
powerful.  Hence  it  lies  in  the  natiu-e  of  things  that  the  first  kind 
of  introduction  takes  place  on  unaccented  and  the  last  on  accented 
parts  of  a  bar. 

These  rules  for  the  introduction  of  dissonances  may  be  often 
neglected  for  the  chords  of  the  Seventh  in  the  reverted  system,  in 
which  the  Fourth  and  Second  of  the  scale  occur,  and  notes  firom  the 
subdominant  side  are  mixed  up  with  notes  from  the  dominant  side. 
These  chords  may  also  be  introduced  to  enhance  the  dynamical 
impression  of  the  advancing  harmony,  for  they  have  the  effect  of 
keeping  the  extent  of  the  key  perpetually  before  the  feeling  of  the 
hearer,  and  this  object  justifies  their  existence. 

Of  several  voices  which  are  leaving  the  chord  of  the  tonic  (7, 
it  is  quite  easy  for  some  to  pass  on  to  notes  of  the  dominant  chord 
g  —  J  —  d^  and  for  others  to  proceed  to  the  notes  of  the  subdomi- 
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nant  chords/  —  g  —  c  or/  —  d\}  —  c, as  each  voice  will  be  able 
to  strike  the  new  note  with  perfect  certainty,  on  account  of  the 
close  relationship  between  the  chords.  When,  however,  the  dis- 
sonant chord  has  been  thus  formed  and  sounded,  the  dissonant 
notes  will  have  the  feeling  for  their  more  distant  relations  obscured 
by  the  strangeness  of  the  other  parts  of  the  chord,  and  must 
generally  proceed  according  to  the  rule  of  resolution  of  dissonances. 
Thus  the  singer  who  sounds/  in  the  chord  g  —  &  —  d  — /,  would 
vainly  endeavour  to  picture  to  himself  the  soimd  of  the  ^  which 
is  related  to  /  with  sufficient  clearness  to  leap  up  or  down  to  it 
with  certainty ;  but  he  is  easily  able  to  execute  the  small  step  of 
half  a  Tone,  by  which  /  descends  to  f  in  the  chord  c  —  e  —  g. 
But  the  note  g  itself,  on  the  other  hand,  having  its  own  compound 
tone  approximatively  indicated  by  the  chord  of  the  Seventh,  has  no 
difficulty  in  passing  by  a  leap  to  its  related  notes,  as  c  for  example, 
or  h  to  g. 

In  the  chords  h  —  d  \  f  —  a  and  6  —  d  \  f  —  al>,  in  which 
neither  dominant  nor  subdominant  prevails,  it  would  not  be  advis- 
able to  let  any  note  proceed  by  a  leap. 

And  it  would  also  not  be  advisable  to  pass  by  a  leap  into  the 
chords  of  the  reverted  system  from  any  other  chord  but  the  tonic, 
because  that  chord  alone  is  related  to  both  dominant  and  subdomi- 
nant chords  at  the  same  time. 

It  is  not  possible  to  pass  from  chords  of  the  Seventh,  in  the 
direct  system,  to  another  chord  related  to  both  of  its  extremities, 
and  hence  in  this  case  the  dissonance  must  be  introduced  in 
accordance  with  the  strict  rules. 

Musicians  are  divided  in  opinion  as  to  the  proper  treatment  of 
the  subdominant  chord  with  an  added  Sixth,  /  —  a  —  c  —  din 
C  major.  The  rule  of  Rameau  is  probably  correct  (p.  540), 
making  d  the  dissonant  note,  to  be  resolved  by  rising  to  g.  This 
is  also  decidedly  the  most  harmonious  kind  of  resolution.  Modem 
theorists  regard  this  chord  as  a  chord  of  the  Seventh  on  (2,  and 
take  c  as  the  dissonant  note  to  be  resolved  by  descent ;  whereas 
when  c  remains,  d  is  quite  free  and  may  therefore  even  descend. 

• 
Ckordcd  Sequences. 

Just  as  the  older  homophonic  music  required  the  notes  of  a 
melody  to  be  linked  together,  modem  music  endeavours  to  link 
together  the  series  of  chords  occurring  in  a  web  of  harmony,  and 


552  CnORDAL  SEQUENCES.  Part  III. 

it  thus  obtains  much  greater  freedom  in  the  melodic  succession  of 
individual  notes,  because  the  natural  relationship  of  the  notes  is 
much  more  decisively  and  emphatically  marked  in  harmonic  music 
than  in  homophonic  melody.  This  desire  for  linking  the  chords 
together  was  but  slightly  developed  in  the  sixteenth  century.  The 
great  Italian  masters  of  this  period  allow  the  chords  of  the  key  to 
succeed  each  other  in  leaps  which  are  often  surprising,  and  are  always 
extremely  rare  at  present.  But  during  the  seventeenth  century 
the  feeling  for  this  peculiarity  of  harmony  was  also  developed,  so 
that  we  find  Bameau  lapng  down  distinct  rules  on  the  subject  in 
the  beginning  of  the  eighteenth  century.  In  reference  to  his 
conception  of  fundamental  bass,  Bameau  worded  his  rule  thus: 
^  The  fundameTital  bass  may^  as  a  general  rvXe^  proceed  only 
w  perfect  Fourths  or  Fifths^  upwards  or  downwards,^  According 
to  our  view  the  fundamental  bass  of  a  chord  is  that  compound 
tone  which  is  either  exclusively  or  principally  represented  by  the 
notes  of  the  chord.  In  this  sense  Rameau's  rule  coincides  with  that 
for  the  melodic  progression  of  a  single  note  to  its  nearest  related 
notes.  The  compound  tone  of  a  chord,  like  the  voice  of  a  melody, 
may  only  proceed  to  its  nearest  related  notes.  It  is  much  more 
difficult  to  assign  a  meaning  to  progression  by  relationship  in  the 
second  degree  for  chords  than  for  separate  notes,  and  similarly  for 
progression  in  small  diatonic  degrees  without  relationship.  Hence 
Rameau's  rule  for  the  progression  of  the  fundamental  bass  is  on 
the  whole  stricter  than  the  rules  for  the  melodic  progression  of  a 
single  voice. 

Thus  if  we  take  the  chord  c  —  g  —  flr,  which  belongs  to  the 
compound  tone  of  C,  we  may  pass  by  Fifths  to  gr  —  h  —  cZ,  the 
compoimd  tone  of  (?,  or  to  /  —  a  —  c,  the  compound  -tone  of  F. 
Both  of  these  chords  are  directly  related  to  the  first  c  —  e  —  gr, 
because  each  has  one  note  in  common  with  it,  g  and  c  respectively. 

But  we  can  also  allow  the  compound  tone  to  proceed  in  Thirds, 
and  then  we  obtain  minor  chords,  that  is,  provided  we  keep  to  the 
same  scale.  The  transition  from  the  compound  tone  of  (7  to  that 
of  E  is  expressed  by  the  sequence  of  chords  c  —  e  —  g  and  g  —  g 
—  ft,  which  are  related  by  having  two  notes,  <?,  gr,  in  common.  The 
sequence  c  —  g  —  g  and  Qf  —  c  —  e  from  the  compound  tone  of 
C  to  that  of  4 » is  of  the  same  kind.  The  latter  is  even  more 
natiural  than  the  former,  because  the  chord  (f  —  c  —  e  represents 
imperfectly  the  compound  tone  of  A^  into  which  that  of  G  intrudes. 
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fmiuumsziuil  ~i»ts  of  rmwrimmi  xria^  <XM«  mixer  )ii%ve  4iinA 
ix±[iDc  ciiarof  iilyTmiiP  k  from  r  —  l  —  il^j  —  ^  —  ^  viwrt  t* 
inm,  -UH:  CDOzgHnnic  -un^  of  tr  t&  ditt  <«f  ^^  Ha  ^)$  l))^  ^ 
'TvwTinF-/  Ix  refclsj  txds  prc^rirvsan  is  T«iitilT  <»:|Ck4iKl^  ^h^wi 
OUT  pscm  of  -nsw^  tj*  esi^deEii^  «  —  t  —  f  »  n  <w«fi}w^w^  tv«fw^ 
oi  €  -wT^  xn  Iiufuici'e  fu  Iht  xncnsdtktt  i$  i)k«i  <«iiir  <tf  tln^  ww^l 
t^ost  rdixdraiBhip.  fram  the  eosipMiDd  tODe  <«f  tr  t<^  th»t  v4^  iX  «li«) 
tht  2  app£cs  K  &  mere  depeodaM^  iii'  tlie  kttin;.  Kt^Kv  wiiVKor 
dKvd  TefresEEL^s  nro  oGmpofimd  t«iMS  »  m  iYa|N^r1^**f  )imiv^>m^^ 
BaxaeMu  frs  fymilat<fd  tliis  mmHgxdtr  ^ti^^nrli/^  fw|>t<'m^  t^vr  f W 
miiMT  ciHiid  vith  »dikd  Sere&th,  whidi  ill  th^  f>r^  /  -  ^  ^ 
maj  rejHiesent  the  oompoiiDd  tone  of  J}^  «nd  in  tiK"  &vm\/  \) 
€  —  d  that  of  Z^,  or  in  RameAu^s  langtng^  it$  (ViVHUmt^t^l  )^9«^ 
migbt  he  P  €r  P.^  In  this  chord  of  the  Seventh  the  ;9^mlH|;^ol\  x?^ 
more  marked,  because  it  contains  the  componini  tone  \%f  K  n^MV 
completelT;  but  the  ambiguity  belongs  in  a  less  markiHl  \K>|S:iY^^  !x\ 
the  simple  minor  chord  also. 

With  the  &lse  cad^ace  in  the  major  key 

g  —  6  —  d        to        a   — c  —  { 

must  be  associated  the  corresponding  cadence  in  the  muior  ki\v» 

g  —  b  —  d        to        «|>  —  c  —  fl> 

'where  the  chord  a|>  —  c  —  e\}  replaces  the  normal  rt^ohit  ion  0 
e\}  —  g.     But  here  there  is  only  a  single  note  of  tho  ooin|Hm)ul 
tone  of  C  remaining,  and  the  felse  cadence  thon»fort>  Ihhh)UU>m  nnu^li 
more  striking.     It  will  be  rendered  milder  by  adding  t  ho  8ovt»n(  h 
/  to  the  G  chord,  because  /  is  related  to  a}}. 

When  two  chords  having  only  a  rolutionnhip  of  (ho  noooml 

^  [In  the  notation  of  Appendix  XIX.  those  mr\jor  triiniiitionN  nro  fVttiii  it  4  «•  if 
to  «  +  igt  —  6  or  a  +  |c5  —  «,  the  previoua  minor  tmnfiitionfi  bolnu  fMiu  »♦  t  »•  if 
to«  —  ff  +  b  or  a  —  c  +  e. —  Tratidaior.'\ 

'  [Of  course  Rameau,  writing  in  tempered  notiition,  did  not  dJHlitiKuUh  \ti  And  »/, 
Bo  that  the  actual  notes  in  the  two  chordu  \d — /  +  a—  C  iiud/  I  rt  0  •«•  f/  Wmi'u  li» 
him  identical.     Sec  pp.  627,  636,  640,-  'IVaf^aior.] 
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degree,  are  placed  in  juxtapositioD,  we  usually  feel  the  transition 
to  be  very  abrupt.  But  if  the  chord  which  connects  them  is  one 
of  the  principal  chords  of  the  key,  and  has  consequently  been 
frequently  heard,  the  effect  is  not  so  striking.  Thus  in  the  final 
cadence  it  is  not  unusual  to  see  the  succession  /  —  a  —  c  and 
g  —  b  —  d,  the  two  chords  being  related  through  the  tonic  chord 
e  —  g  —  flr,  thus : 


f  —  Q —  c  g  —  i  —  d 

c  —  t  —  g 

> , 

Generally  we  must  remember  that  all  these  rules  of  progression 
are  subject  to  many  exceptions,  partly  because  expression  may 
require  exceptional  abruptness  of  transition,  and  partly  because  the 
hearer's  recollection  of  previous  chords  may  suflBciently  strengthen 
a  naturally  weak  relationship.  It  is  clearly  an  entirely  false 
position  which  teachers  of  harmony  have  assumed,  in  declaring 
this  or  that  to  be  '  forbidden.'  In  point  of  fact  nothing  musical 
is  absolutely  forbidden,  and  all  rules  for  the  progression  of  parts 
are  actually  violated  in  the  most  effective  pieces  of  the  greatest 
composers.  It  would  have  been  much  better  to  proceed  from  the 
principle  that  certain  transitions,  which  are  disallowed,  produce 
striking  and  unusual  effects  upon  the  hearer,  and  consequently  are 
unsuitable  except  for  the  expression  of  what  is  unusual.  Generally 
speaking,  the  object  of  the  rules  laid  down  by  theorists  is  to  keep  up 
a  well-connected  flow  of  melody  and  harmony,  and  make  its  course 
readily  intelligible.  If  that  is  what  we  aim  at,  we  had  best  observe 
their  restrictions.  But  it  cannot  be  denied  that  a  too  anxious  avoid- 
ance of  what  is  unusual  places  us  in  danger  of  becoming  trivial  and 
dull,  while,  on  the  other  hand,  inconsiderate  and  frequent  infringe- 
ment of  rules  makes  compositions  eccentric  and  unconnected. 

When  disconnected  triads  would  come  together  it  is  frequently 
advantageous  to  transform  them  into  chords  of  the  Seventh,  and 
thus  create  a  bond  between  them.  In  place  of  the  preceding 
sequence  of  two  triads 

/ — a  —  c        to        g  —  6  —  d 

we  can  use  a  sequence  of  chords  of  the  Seventh  which  represent 
the  same  compound  tones 

/  —  a  —  c  —  d        to         g  —b  '^  d  -  /, 
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In  this  case  two  of  the  foiir  notes  remain  unchanged ;  in  the  chord 
of  Fj  the  d  belongs  to  the  compound  tone  of  the  dominant,  and  in 
the  chord  of  0  the /to  that  of  the  sub-dominant* 

Hence  chords  of  the  Seventh  come  to  play  an  important  part 
in  modem  music,  for  the  purpose  of  effecting  well-connected  and 
yet  rapid  transitions  from  chord  to  chord,  and  urging  them  forward 
by  the  action  of  dissonances ;  and  in  this  way  transitions  to  the 
compound  tone  of  the  subdominant  are  easily  effected. 

Thus,  for  example,  beginning  with  the  triad  g  —  &  —  d  we 
can  not  merely  pass  to  the  chord  of  C,  or  c  —  fi  —  flr,  but,  letting 
g  remain  as  a  Seventh,  to  the  chord  of  the  Seventh  q  —  c  —  g 
—  gr,  which  unites  the  two  chords  c  —  g  —  g  and  g  —  c  —  g ,  and 
then  immediately  pass  to  d  — /  —  a,  which  is  related  to  the  latter 
chord,  so  that  two  steps  bring  us  to  the  other  extremity  of  the 
system  of  C  major.  This  transition  also  gives  the  best  progression 
for  the  Seventh  {g  in  the  example),  because  it  has  been  prepared 
in  the  previous  chord,  and  is  resolved  by  descent  (to  /)  in  the 
succeeding  chord.  If  we  tried  the  same  transition  backwards,  we 
should  have  to  obtain  the  Seventh  g  by  progression  from  a  in  the 
chord  of  <Z  — /  —  g,  and  then  be  compelled  to  introduce  the  c  of 
the  chord  of  the  Seventh  abruptly,  because  we  should  have  a  pro- 
hibited succession  of  Fifths  {ji  —  a  and  c  —  g)  if  we  tried  to 
descend  from  d.  We  must  rather  obtain  c  by  a  leap  from  /, 
because  g  in  the  first  triad  must  furnish  both  the  g  and  g  of  the 
chord  of  the  Seventh.  Thus  the  transition  to  the  dominant  is  by 
no  means  easy,  fluent,  and  natural ;  it  is  much  more  embarrassed 
than  the  passage  to  the  subdominant.  Consequently  the  regular 
and  usual  progression  of  the  chord  of  the  Seventh  is  for  its  Seventh 
to  descend  to  the  triad  whose  Fifth  is  the  root  of  the  chord  of  the 
Seventh.  Supposing  we  denote  the  root  of  the  chord  of  the 
Seventh  by  I,  its  Third  by  III,  &c.,  a  falling  Seventh  will  lead  us 
to  either  of  these  chords : 

I  —  III  —  V  —  VII        and        I  —  III  —  V  —  VII 


1     —    IV  — VI  I  — III    —    VI 


Of  these  two  transitions,  the  first,  which  leads  to  a  chord  of  which 
IV  is  the  root,  is  the  liveliest,  because  it  introduces  a  chord  with 
two  new  tones.  The  other,  which  leads  to  a  triad  having  VI  for  its 
root,  introduces  only  one  new  tone.     Hence  the  first  is  r^arded  as 
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the  principal  method  of  resolving  chords  of  the  Seventh.     For 

example: 

g—h—d—f  e—g—k—d 

I    V  /         I     V  / 

g c  —  e  e q  —  c 

c—e—g—b  b—d—f—Q 

I   V  /      I   \// 

c   —   f  —  q,  b §  —  g 

The  descent  of  the  tone  VII  introduces  the  tone  VI.  In  the  first 
case  tliis  is  the  Third  of  the  new  triad,  and  in  the  second  its  root. 
But  it  may  be  its  Fifth : 

I  —  III  —  V  —  VII 

\  \/  / 

II  —  IV  — VI 

This,  however,  could  only  occur  naturally  in  the  two  chords : 
b  —  d — / — a        and         b  —  d — /  —  ah 

\  \/  /  "\  V  / 

c  —e—g  c  —  ^  —  g 

because  the  two  chords  of  the  Seventh  represent  the  compound 
tone  of  G,  and  the  tonic  chord  establishes  the  bond  of  imion 
between  its  two  sections.  In  other  cases  our  scheme  gives  so- 
called  false  cadences : 

g  —  fe  —  d — /        and        g  —  b  —  d — / 

\  v  /  \  \/  / 

Of  —  c  —  g  ap  —  c  —  e[> 

which  are  justified  (the  first  as  most  natural)  by  the  fact  that 
either  c  —  g  or  c  —  el>  belongs  to  the  chord  of  the  normal  resolu- 
tion. Kameau  therefore  justly  observes  that  this  kind  of  resolution 
is  only  permissible  when  the  IV  of  the  second  chord  is  the  normal 
Fourth  of  the  I  in  the  chord  of  the  Seventh. 

This  exhausts  the  resolutions  by  the  descent  of  the  Seventh. 
Those  in  which  it  remains  unchanged  take  place  according  to  the 
schemes : 

I  —  III  —  V  —  VII        and        I  —  III  —  V  —  VII 

\/      I   •  \/      \      \ 

[I  —  IV  —  VII  n V  —  VII 


\ 
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In  the  first  the  Seventh  becomes  the  root,  in  the  second  the  Third 
of  the  new  chord.  If  it  were  the  Fifth,  the  new  chord  would 
coincide  with  part  of  the  chord  of  the  Seventh : 

I     —III  — V  — VII 


VII  —  III  —  V  —  VII. 

In  these  connections  the  resolution  is  towards  the  dominant  side. 
The  transition  is  most  decisive  in  the  first,  where  the  Seventh 
becomes  the  root.  These  resolutions  are  on  the  whole  less  usual, 
because  it  has  already  been  found  easier  to  pass  from  chords  on  the 
dominant  side  into  chords  of  the  Seventh  of  the  direct  system. 
In  the  chords  of  the  reverted  system  these  transitions  occur  more 
frequently,  because  their  Sevenths  may  enter  by  ascent,  and  hence 
we  avoid  the  sequences  of  Fifths,  which  greatly  embarrass  the  tran- 
sitions from  a  triad  to  a  chord  of  the  Seventh  on  its  dominant  side. 

As  to  the  transitions  from  one  chord  of  the  Seventh  to  another, 
or  to  a  dissonant  triad  of  the  direct  system  which  may  be  regarded 
as  a  mutilated  chord  of  the  Seventh,  all  these  matters  are  siiffi- 
ciently  developed  in  the  ordinary  manuals  of  Thorough-Bass,  and 
offer  no  diflSculties  that  would  justify  us  in  dwelling  upon  them  here. 

On  the  other  hand,  we  have  to  say  a  few  words  on  certain  rules 
respecting  the  progression  of  the  individual  parts  in  polyphonic 
compositions.  Originally,  as  we  have  already  remarked,  all  these 
parts  were  of  equal  importance,  and  had  usually  to  repeat  the 
same  melodic  figures  in  succession.  The  harmony  was  a  secondary 
consideration,  the  melodic  progression  of  the  individual  voices  was 
the  principal  matter.  Hence  it  was  necessary  to  take  care  that 
each  voice  should  stand  out  clear  and  distinct  from  all  the  others. 
The  relation  between  the  importance  of  harmony  and  melody  has 
certainly  altered  e§sentially  in  modem  music;  the  former  has 
attained  a  much  higher  independent  significance.  But,  after  all, 
perfection  of  harmony  must  arise  from  the  simultaneous  perform- 
ance of  several  voices,  each  of  which  has  its  own  beautiful  and  clear 
melodic  progression,  and  each  of  which  therefore  moves  in  a  direc- 
tion that  the  hearer  has  no  difl&culty  in  imderstanding. 

On  this  rests  the  prohibition  of  consecutive  Fifths  and  Octaves* 
The  meaning  of  this  prohibition  has  given  rise  to  much  disputa- 
tion. The  meaning  of  prohibiting  consecutive  Octaves  has  been 
made  clear  by  musical  practice.     In  polyphonic  music  two  voices 
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which  lie  one  or  two  Octaves  apart,  are  forbidden  to  move  forward 
in  sach  a  way  that  after  their  next  step  they  should  be  also  one  or 
two  Octaves  apart.  But  precisely  in  the  same  way,  two  voices  in 
a  polyphonic  piece  are  forbidden  to  go  on  in  unison  for  several 
notes,  while  for  complete  musical  compositions  it  is  not  forbidden 
that  two  voices,  or  even  all  the  voices  should  proceed  in  Unisons 
or  Octaves,  for  the  purpose  of  strengthening  the  melodic  progres- 
sion. It  is  clear  that  the  reason  of  this  rule  must  lie  in  the 
crippling  of  harmonic  power  of  progression  by,  as  it  were,  sacrificing 
a  voice  to  Unisons  and  Octaves.  This  is  allowable  when  it  is 
intentionally  introduced  for  a  whole  melodic  phrase,  but  it  is  not 
suited  for  a  few  notes  in  the  course  of  a  piece,  where  it  can  only 
give  the  impression  of  reducing  the  richness  of  the  harmony  by  an 
unskilful  accident.  The  accompaniment  of  a  lower  part  by  a  voice 
singing  an  octave  higher,  merely  strengthens  part  of  the  com- 
pound tone  of  the  lower  voice,  and  hence  where  variety  in  the 
progression  of  parts  is  important,  does  not  essentially  differ  from 
a  Unison. 

Now  in  this  respect  the  nearest  to  an  Octave  are  the  Twelfth, 
and  its  lower  octave,  the  Fifth.  Hence  then  consecutive  Twelfths 
and  consecutive  Fifths  partake  of  the  same  imperfection  as  conse- 
cutive Octaves.  But  the  case  is  somewhat  worse.  It  is  possible 
to  accompany  a  whole  melody  in  Octaves  when  desirable,  without 
committing  any  error,  but  this  cannot  be  done  for  Fifths  and 
Twelfths  without  changing  the  key.  It  is  impossible  to  proceed 
by  a  single  diatonic  step  from  the  tonic  as  root  with  an  accom- 
paniment of  Fifths,  without  departing  from  the  key.  In  C  major, 
we  ascend  from  the  Fifth  c  —  gr  to  the  Fifth  d  —  a,  but  a  does 
not  belong  to  the  scale,  which  requires  the  deeper  a  ;  we  descend 
to  & — j%  and  there  is  no  fij^  in  the  scale  at  all.  The  other 
upward  steps  from  d  exclusive  to  a,  can  of  course  be  accompanied 
by  perfect  Fifths  in  the  scale,  as  «  —  ft,  /  —  c',  g  —  d\  g —  «'. 
It  is  therefore  impossible  to  use  the  Twelfth  consistently  for  in- 
creasing the  richness  of  the  tone.  But  again,  when  the  intervals 
of  a  Twelfth  or  Fifth  are  continued  for  a  few  steps  in  melodic  pro- 
gression, they  have  simply  the  effect  of  strengthening  the  root. 
For  the  Twelfth  this  arises  from  its  directly  corresponding  to  one 
of  the  upper  partial  tones  of  the  root.  For  the  Fifth  c^—g,  the 
c  and  g  are  the  two  first  upper  partials  of  the  combinational  tone 
(7,  which  necessarily  accompanies  the  Fifth.     Hence  an  accompa- 
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niment  in  Fifths  above,  when  it  occurs  isolated  in  the  midst  of  a  poly- 
phonic piece,  is  not  only  open  to  the  charge  of  monotony,  but  cannot 
be  consistently  carried  out.     It  should  therefore  be  always  avoided. 

But  that  consecutive  Fifths  merely  infringe  the  laws  of  artistic 
composition,  and  are  not  disagreeable  to  the  natural  ear,  is  evident 
from  the  simple  fiact  that  all  the  tones  of  our  voice,  and  those  of 
most  instruments,  are  accompanied  by  Fifths,  and  that  our  whole 
tonal  system  reposes  upon  that  fact.  When  the  Fifths  are  in- 
troduced as  merely  mechanical  constituents  of  the  compound  tone, 
not  parts  of  the  harmony,  they  are  ftilly  justified.  So  in  the 
compound  stops  of  organs.  In  these  stops  the  pipes  which  give 
the  prime  tones  of  the  compound,  are  always  accompanied  by 
others  which  give  its  harmonic  upper  partials,  as  the  Octaves, 
Twelfths  variously  repeated,  and  even  the  higher  major  Thirds. 
By  this  means  the  performer  is  able  to  compose  a  tone  of  a  much 
more  penetrating,  piercing  quality,  than  it  would  be  possible  to 
produce  by  the  simple  organ  pipes  with  their  relatively  weak  upper 
partial  tones.  It  is  only  by  such  means  that  an  organ  is  able  to 
regulate  the  singing  of  a  large  congregation.  Almost  all  musi- 
cians have  blamed  an  accompaniment  of  Fifths,  or  even  Thirds, 
but  fortunately  have  not  been  able  to  effect  anything  against  the 
practice  of  the  organ.  In  fact  the  compoimd  stops  of  an  organ 
merely  reproduce  the  masses  of  tone  which  would  have  been  created 
by  bowed  instruments,  trombones,  and  trumpets,  if  they  had  executed 
the  same  music.  It  would  be  quite  different  if  we  collected  inde- 
pendent voices,  from  each  of  which  we  should  have  to  expect  an 
independent  melodic  progression  in  the  tones  of  the  scale.  Such 
independent  voices  cannot  possibly  move  with  the  precision  of  a 
machine ;  they  would  soon  betray  their  independence  by  slight 
mistakes,  and  we  should  be  led  to  subject  them  to  the  laws  of  the 
scale,  which,  as  we  have  seen,  render  a  consistent  accompaniment  in 
Fifths  impossible. 

The  prohibition  of  Fifths  and  Octaves  extends  also,  but  with 
less  strictness,  to  the  next  adjacent  consonant  intervals,  when  two 
of  them  are  so  placed  as  to  form  a  connected  group  of  upper 
partials  in  a  compound  tone.     Thus  transitions  like 

d  —  g  —  b  to        c  — /  —  a, 

are  ruled  by  musical  theorists  to  be  inferior  to  transitions  like 

h  —  d'  —  (/        to         a  —  </—f\ 
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For  d  —  g  —  6  are  the  third,  fourth,  and  fifth  partial  tone  of  the 
compound  G^  but  6  —  df  —  g'  could  only  be  regarded  as  its  fifth, 
sixth,  and  eighth.  Hence  the  first  position  of  the  chord  expresses 
a  single  compound  tone  much  more  decidedly  than  the  second, 
which  is  often  allowed  to  be  continued  through  long  passages,  when 
of  course  the  nature  of  the  Thirds  and  Fourths  varies. 

The  prohibition  of  consecutive  Fifths  was  perhaps  historically 
a  reaction  against  the  first  imperfect  attempts  at  polyphonic  music, 
which  were  confined  to  an  accompaniment  in  Fourths  or  Fifths, 
and  then,  like  all  reactions,  it  was  carried  too  far,  in  a  barren 
mechanical  period,  till  absolute  purity  from  consecutive  Fifths 
became  one  of  the  principal  characteristics  of  good  musical  com- 
position. Modern  harmonists  agree  in  allowing  that  other  beauties 
in  the  progression  of  parts  are  not  to  be  rejected  because  they 
introduce  consecutive  Fifths,  although  it  is  advisable  to  avoid  them, 
when  there  is  no  need  to  make  such  a  sacrifice. 

There  is  also  another  point  in  the  prohibition  of  Fifths  to 
which  Hauptmann  has  drawn  attention.  We  are  not  tempted  to 
use  consecutive  Fifths  when  we  pass  from  one  consonant  triad  to 
another  which  is  nearly  related  to  it,  because  other  progressions 
lie  nearer  at  hand.  Thus  we  pass  from  the  triad  of  G  major  to 
the  four  related  triads  in  the  following  manner,  the  fundamental 
bass  proceeding  by  Thiids  or  Fifths : 

c  —  s  —  g  c  —  g  —  g  c  —  e  —  g      and  c  —  e  —  g 

toe  —  f  —  a,     toe — / — (iy     toB  —  e  —  (/,     to    B  —  d  —  g. 

But  when  the  fundamental  bass  proceeds  in  Seconds,  and  hence 
does  not  pass  to  a  directly  related  chord,  the  nearest  position  of  the 
new  chord  is  certainly  one  which  produces  consecutive  Fifths. 
For  example : 

g  —  h    -'  d'         or  g  —  h  —  d' 
to  a  —  c'  —  f/,        to  /  —  a  —  c 

In  such  cases,  then,  we  must  have  recourse  to  other  transitions 
by  larger  intervals,  as : 

g  —  h  —  cJ'         OT  g  —  h  —  d' 
to  5  —  a  —  (/j        to  (i  —  c  —  / 

which  avoid  consecutive  Fifths. 

Hence  when  the  chords  are  closely  connected  by  near  relation- 
ship and  small  distance  in  the  scale,  consecutive   Fifths  do  not 
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present  themselves.  When  they  occur,  therefore,  they  are  always 
signs  of  abrupt  chordal  transition,  and  it  is  then  better  to  assimilate 
the  progression  of  parts  to  that  which  spontaneously  arises  in  the 
case  of  related  chords. 

This  consideration  respecting  consecutive  Fifths,  which  was 
emphasised  by  Hauptmann,  appears  to  give  the  law  greater  import- 
ance. That  it  is  not  the  only  motive  for  the  prohibition  of  consecu- 
tive Fifths  appears  from  the  fact,  that  the  forbidden  sequence 

g  —  h  —  df         to        f—q  —  d 

is  allowed,  when  the  chords  are  in  the  position 


b  —  d'-g 


to 


<i  —  <i-f\ 


although  the  step  in  the  fundamental  bass  is  the  same. 

The  prohibition  of  so-called  hidden  Fifths  and  Octaves  has 
been  added  on  to  the  prohibition  of  consecutive  Fifths  and  Octaves, 
at  least  for  the  two  extreme  voices  of  a  composition  in  several  parts. 
This  prohibition  forbids  the  lowest  and  uppermost  voice  in  a  piece 
to  proceed  by  direct  motion  (that  is,  both  parts  ascending  or  both 
parts  descending)  into  the  consonance  of  an  Octave  or  Fifth.  Tliey 
should  rather  come  into  such  a  consonance  by  contrary  motion  (one 
descending  and  the  other  ascending).  In  duets  this  would  also 
hold  for  the  imison.  The  meaning  of  this  law  must  certainly  be, 
that  whenever  the  extreme  voices  unite  to  form  the  partial  tones 
of  a  compound,  they  ought  to  have  reached  a  state  of  relative 
rest.  It  must  be  conceded  that  the  equilibrium  will  be  more 
perfect  when  the  extreme  parts  of  the  whole  mass  of  tone 
approach  their  junction  from  opposite  sides,  than  when  the  centre 
of  gravity,  so  to  speak,  of  the  sonorous  mass  is  displaced  by  the 
parallel  motion  of  the  extreme  voices,  and  these  voices  catch  one 
another  up  with  difiFerent  velocities.  But  where  the  motion  pro- 
ceeds in  the  same  direction,  and  no  relative  rest  is  intended,  the 
hidden  Fifths  are  also  not  avoided,  as  in  the  usual  formulae : 


i 


2 


& 


i&- 


^- 


in  which  the  g  —  cZ  is  reached   by  passages   involving  hidden 
Fifths. 

Another  rule  in  the   progression  of  parts,  prohibiting  false 

00 
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relations,  must  have  had  its  origin  in  the  requirements  of  the 
singer.     What  the  singer  finds  a  difficulty  in  hitting,  must  natur- 
ally also  appear  an  unusual  and  forced  skip  to  the  hearer.    By  faise 
relations  is  meant  the  case  when  two  tones  in  consecutive  chords, 
which  belong  to  different  voices,  form  false  Octaves  or  false  Fifths. 
For  example,  if  one  voice  in  the  first  chord  sings  i  and  another 
voice  in  the  next  chord  sings  &[>,  or  the  first  has  c  and  the  second 
g^  there  are  Mae  Octave  relations.      False  Fifth  relations  are 
forbidden  for  the  extreme  voices  only.     Thus  in  the  first  chord  the 
bass  has  6,  in  the  second  the  soprano  has  /,  or  conversely,  where 
i  —  /  is  a  false  Fifth.     The  meaning  of  this  rule  is,  probably,  that 
the  singer  would  find  it  difficult  to  hit  the  new  tone  which  is  not 
in  the  scale,  if  he  had  just  heard  the  next  nearest  tone  of  the 
scale  given  by  pother  singer.     Similarly,  when  he  has  to  take  the 
hlae  Fifth  of  a  tone  which  is  prominent  in  present  harmony  as 
lowest  or  highest.      There  is  therefore  a  certain  sense  in  the  pro- 
hibition, but  numerous  exceptions  have  arisen  as  the  ear  of  modem 
musicians,  singers  and  hearers,  has  become  accustomed  to  bolder 
combinations  and   livelier  progressions.      All   these   rules  were 
essentially  intended  for  the  old  ecclesiastical  music,  where  a  quiet, 
gentle,  well-contrived,  and  well-adjusted  stream  of  sound  was  aimed 
at,  without  any  intentional  effort  or  disturbance  of  the  smoothest 
equilibrium.     Where  music  has  to  express  effort  and  excitement, 
these  rules  become  meaningless.     Hidden  Fifths  and  Octaves  and 
even  false  relations  of  Fifths  are  found  in  abundance  in  the  chorales 
of  Sebastian  Bach,  who  is  otherwise  so  strict  in  his  harmonies,  but 
it  must  be  admitted  tliat  the  motion  of  his  voices  is  much  more 
powerfully  expressed  than  in  the  old  Italian  ecclesiastical  music. 


Chap.  XIX.  SUMMARY  OF  RESULTS.  663 


CHAPTER  XIX. 

ESTHBTIOAL   RELATIONS. 

Let  us  review  the  results  of  the  preceding  investigation. 

Compound  tones  of  a  certain  class  are  preferred  for  all  kinds  of 
music,  melodic  or  harmonic ;  and  are  almost  exclusively  employed 
for  the  more  delicate  and  artistic  development  of  music:  these  are 
the  compound  tones  which  have  harmonic  upper  partial  tones,  that 
is  compound  tones  in  which  the  higher  partial  tones  have  vibrational 
nimibers  which  are  integral  multiples  of  the  vibrational  number 
of  the  lowest  partial  tone,  or  prime.  For  a  good  musical  effect  we 
require  a  certain  moderate  degree  of  force  in  the  five  or  six  lowest 
partial  tones,  and  a  low  degree  of  force  in  the  higher  partial  tones. 

This  class  of  compound  tones  with  harmonic  upper  partials 
is  objectively  distinguished  by  including  all  resonant  motions 
which  are  generated  by  a  mechanical  process  that  continues  to  act 
uniformly,  and  which  consequently  produce  a  uniform  and  sustained 
sensation.  In  the  first  rank  among  them  stand  the  compound 
tones  of  the  human  voice,  man's  first  musical  instnunent  in  time 
and  value.  The  compound  tones  of  all  wind  and  bowed  instruments 
belong  to  this  class. 

Among  the  bodies  which  are  made  to  emit  tones  by  striking, 
some,  as  strings,  have  also  harmonic  upper  partials,  and  these  can 
be  used  for  artistic  music 

The  greater  number  of  the  rest,  as  membranes,  rods,  plates,  &c., 
have  inharmonic  upper  partial  tones,  and  only  such  of  them  as 
have  not  very  strong  secondary  tones  of  this  kind  can  be  singly 
and  occasionally  employed  in  connection  with  musical  instruments 
proper. 

Although  resonant  bodies  excited  by  blows  may  continue  to 
sound  for  some  time,  their  tones  do  not  continue  with  uniform  force, 
but  diminish  more  or  less  slowly  and  die  away.  Constant  power 
over  the  intensity  of  tone,  therefore,  which  is  indispensable  for 
expressive  performance,  can  only  be  attained  on  instruments  of  the 
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first  kind,  which  can  be  maintained  in  a  state  of  excitement,  and 
which  produce  only  harmonic  upper  partial  tones.  On  the  other 
hand,  bodies  excited  by  blows  have  a  peculiar  value  for  clearly 
defining  the  rhythm. 

A  second  reason  for  preferring  compound  tones  with  harmonic 
upper  partials  is  subjective  and  conditioned  by  the  construction  of 
our  ear.  In  the  ear  even  every  simple  tone,  if  suflSciently  intense, 
excites  feeble  sensations  of  harmonic  upper  partials,  and  each  com- 
bination of  several  simple  tones  generates  combinational  tones,  as 
I  have  explained  at  the  end  of  Chap.  VII.  (p.  237-9).  A  single 
compoimd  tone  with  irrational  partials,  when  sounded  with  sufficient 
force,  produces  the  sensation  of  dissonance,  and  simple  tones 
acquire  in  the  ear  itself  something  of  the  nature  of  composition 
out  of  harmonic  upper  partial  tones. 

We  are  justified  in  assuming  that  historically  all  music  was 
developed  from  song.  Afterwards  the  power  of  producing  similar 
melodic  effects  was  attained  by  means  of  other  instruments,  which 
had  a  quality  of  tone  compounded  in  a  manner  resembling  that  of 
the  human  voice.  The  reason  why,  even  when  constructive  art 
was  most  advanced,  the  choice  of  musical  instruments  was  neces- 
sarily limited  to  those  which  produced  compound  tones  with 
harmonic  upper  partials,  is  clear  from  the  above  conditions. 

This  invariable  and  peculiar  selection  of  instruments  makes  us 
perfectly  certain  that  harmonic  upper  partials  have  from  all  time 
played  an  essential  part  in  musical  constnictions,  not  merely  for 
harmony,  as  the  second  part  of  this  book  shews,  but  also  for 
melody. 

Again,  we  can  at  any  moment  convince  ourselves  of  the  essential 
importance  of  upper  partial  tones  to  melody,  by  the  absence  of  all 
expression  in  melodies  executed  with  objectively  simple  tones,  as, 
for  example,  those  of  wide-stopped  organ  pipes,  for  which  the 
harmonic  upper  partials  are  formed  only  subjectively  and  weakly 
in  the  ear. 

A  necessity  was  always  felt  for  music  of  all  kinds  to  proceed 
by  certain  definite  degrees  of  pitch ;  but  the  choice  of  these 
degrees  was  long  unsettled.  To  distinguish  small  differences  of 
pitch  and  intonate  them  with  certainty,  requires  a  greater  amoimt 
of  technical  musical  power  and  cultivation  of  ear,  than  when  the 
intervals  are  larger.  Hence  among  almost  all  uncivilised  people 
we  find  the  Semitones  neglected,  and  only  the  larger  intervals 
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retained.     For  some  of  the  more  cultivated  nations,  as  the  Chinese 
and  Gaels,  a  scale  of  this  kind  has  hecome  established. 

It  might  perhaps  have  seemed  most  simple  to  make  all  such 
degrees  of  pitch  of  equal  amoimt,  that  is,  equally  well  distinguish- 
able by  our  sensations.  Such  a  graduation  is  possible  for  all 
our  sensations,  as  Fechner  has  shewn  in  his  investigations  on 
psychophysical  laws.  We  find  such  graduations  used  for  the 
divisions  of  musical  rhythm,  and  the  astronomers  use  them  in 
reference  to  the  intensity  of  light  in  determining  stellar  magnitudes. 
Even  in  the  field  of  musical  pitch,  the  modem  equally  tempered 
chromatic  scale  presents  us  with  a  similar  graduation.  But 
although  in  certain  of  the  less  usual  Grreek  scales  and  in  modern 
oriental  music,  cases  occur  where  some  particular  small  intervals 
have  been  divided  on  the  principle  of  equal  graduations,  yet  there 
seems  at  no  time  or  place  to  have  been  a  system  of  music  in  which 
melodies  constantly  moved  in  equal  degrees  of  pitch,  but  smaller 
and  larger  intervals  have  always  been  mixed  in  the  musical  scales 
in  a  way  that  must  appear  entirely  arbitrary  and  irregular  until 
the  relationship  of  compound  tones  is  taken  into  consideration. 

On  the  contrary,  in  all  known  musical  systems  the  intervals  of 
Octave  and  Fifth  have  been  decisively  emphasised.  Their  difference 
is  the  Fourth,  and  the  difference  between  this  and  the  Fifth,  is  the 
Pythagorean  major  Tone  8  I  9,  by  which  (but  not  by  the  Fourth 
or  Fifth)  the  Octave  might  be  approximatively  divided. 

The  sole  remnants  that  I  can  find  in  modem  music  of  the 
endeavour  sometimes  made  in  homophonic  music  to  introduce 
degrees  depending  on  equality  of  interval  and  not  on  relationship 
of  tone,  are  the  chromatic  intercalated  notes,  and  the  leading  note 
of  the  key  when  similarly  used.  But  this  is  always  a  Semitone,  an 
interval  well  known  in  the  series  of  related  tones,  which,  owing  to 
its  smallness,  is  easily  measured  by  the  sensation  of  its  difference, 
even  in  places  where  its  tonal  relationship  is  not  immediately 
sensible. 

The  decisive  importance  acquired  by  the  Octave  and  Fifth  in 
all  musical  scales  from  the  earliest  times  shews,  that  the  construc- 
tion of  scales  must  have  been  originally  influenced  by  another 
principle,  which  finally  became  the  sole  regulator  of  every  artistic 
form  of  a  complete  scale.  This  is  the  principle  which  we  havQ 
termed  to7ial  relationship. 
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Relationship  in  the  first  degree  between  two  compound  tones 
consists  in  their  each  having  a  partial  tone  of  the  same  pitch. 

In  singing,  the  similarity  of  two  musical  tones  which  stand  in 
the  relation  of  Octave  or  Fifth  to  one  another,  must  have  been 
very  soon  observed.  As  already  remarked,  this  gives  also  the 
Fourth,  which  has  itself  a  suflSciently  perceptible  natural  relation- 
ship to  have  been  remarked  independently.  To  discover  the  tonal 
similarity  of  the  major  Third  and  major  Sixth,  reqmred  a  finer  cul- 
tivation of  the  musical  ear,  and  perhaps  also  peculiar  beauty  of  voice. 
Even  yet  we  are  easily  led  by  the  familiar  sharp  major  Thirds  of 
equal  temperament,  to  endure  any  major  Thirds  which  are  somewhat 
too  sharp,  provided  they  occur  melodically  and  are  not  sounded 
together.  On  the  other  hand,  we  must  not  forget  that  the  rules  of 
Archytas  and  Abdul  Kadir,  although  both  applicable  to  homophonic 
music  only,  gave  a  preference  to  the  natural  major  Third,  although 
its  introduction  obliged  both  musicians  to  renounce  a  musical 
system  so  theoretically  consistent  and  invested  with  such  high 
authority  as  that  of  Pythagoras. 

Hence  the  principle  of  tonal  relationship  did  not  at  all  times 
exclusively  determine  the  construction  of  the  scale,  and  does  not 
even  yet  determine  it  exclusively  among  all  nations.  This  prin- 
ciple must,  therefore,  be  regarded  to  some  extent  as  a  freely  selected 
principle  of  style^  as  I  have  endeavoured  to  shew  in  Chapter  XIII. 
But,  on  the  other  hand,  the  art  of  music  in  Europe  was  historically 
developed  from  that  principle,  and  on  this  fact  depends  the  main 
proof  that  it  was  really  as  important  as  we  have  assumed  it  to  be. 
The  preference  first  given  to  the  diatonic  scalCj  and  finally  the 
exclusive  use  of  that  scale,  introduced  the  principle  of  tonal  re- 
lationship in  all  its  integrity  into  the  musical  scale.  Within  the 
diatonic  scale  various  methods  of  execution  were  possible,  and  these 
generated  the  ancient  modes,  which  had  equal  claims  to  attention 
in  homophonic  song,  and  hence  stood  on  a  level. 

But  the  principle  of  tonal  relationship  penetrated  for  deeper  in 
its  harmonic  than  it  did  in  its  melodic  form.  In  melodic  sequence 
the  identity  of  two  partial  tones  is  a  matter  of  memory,  but  when 
the  notes  are  sounded  together  the  immediate  sensible  impression 
of  the  beats  or  of  the  undisturbed  flow  of  soimd  forces  itself  on 
the  hearer's  attention.  The  liveliness  of  melodic  and  harmonic 
impressions  differs  in  the  same  way  as  a  recollected  image  differs 
from  the  actual  impression  made  by  the  original.    As  an  immediate 
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consequence  arose  that  fEir  superior  sensibility  for  the  correctness 
of  the  intervals  which  is  seen  in  the  harmonic  union  of  tones,  and 
which  admitted  of  being  developed  into  the  finest  physical  methods 
of  measurement. 

It  must  also  be  remembered  that  relationship  in  the  second 
degree  can  in  harmonic  music  be  reduced  to  audible  relationships 
of  the  first  degree,  by  a  proper  selection  of  the  fundamental  bass, 
and  that  generally  more  distant  relationships  can  easily  be  made 
clearly  audible.  By  this  means,  notwithstanding  the  variety  of 
progression,  a  much  clearer  connection  of  all  parts  with  their 
origin,  the  tonic,  can  be  maintained  and  rendered  sensible.  It 
cannot  be  doubted  that  these  are  the  essential  foimdations  of  the 
great  breadth  and  wealth  of  expression  which  modem  compositions 
can  attain  without  losing  their  artistic  unity. 

We  then  saw  that  the  requirements  of  harmonic  music  reacted 
in  a  peculiar  manner  on  the  construction  of  scales ;  that  properly 
speaking  only  one  of  the  old  tonal  modes  (our  major  mode),  could 
be  retained  unaltered,  and  that  the  rest  after  imdergoing  peculiar 
modifications  were  fused  into  our  minor  mode,  which,  though  most 
like  the  ancient  mode  of  the  minor  Third,  can  at  one  time  resemble 
the  mode  of  the  minor  Sixth,  and  at  another  time  that  of  the  minor 
Seventh,  but  does  not  perfectly  correspond  with  any  one  of  these. 

This  process  of  the  development  of  the  elements  of  our  modem 
musical  system  lasted  down  to  the  middle  of  the  last  century.  It 
was  not  until  composers  ventured  to  put  a  minor  chord  at  the 
close  of  compositions  written  in  the  minor  mode,  that  the  musical 
feeUng  of  European  musicians  and  hearers  can  be  admitted  to  have 
become  perfectly  and  surely  habituated  to  the  new  system.  The 
minor  chord  was  allowed  to  be  a  real,  although  obscured,  chord  of 
its  tonic. 

Whether  this  admission  of  the  minor  chord  expressed  a  feeling 
for  another  mode  of  unifying  its  three  tones,  as  A.  von  Oettingen 
has  assumed, — relying  on  the  fact  that  the  three  tones  c  —  eb  —  flf 
have  a  common  upper  partial  ^'  (p.  478), — must  be  left  to  future 
experience  to  decide,  should  it  be  foimd  practicable  to  construct 
long  and  well-<M)nnected  musical  compositions  in  OettvngerCa 
phonic  system  (this  is  the  name  which  he  gives  to  the  minor 
system  which  he  has  theoretically  developed,  and  which  is  essen- 
tially diflferent  from  the  historical  minor  mode).  At  any  rate, 
the  minor  mode  has  historically  developed  itself  as  a  compromise 
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between  different  kinds  of  claims.  Thus  it  is  only  major  triads 
which  can  perfectly  indicate  the  compound  tone  of  the  tonic; 
minor  chords  contain  in  their  Third  an  element  which,  although 
nearly  related  to  the  tonic  and  its  Fifth,  does  not  thoroughly  fuse 
with  them,  and  hence  in  their  final  cadence  they  do  not  so 
thoroughly  agree  with  the  principle  of  tonality  which  had  ruled 
the  previous  development  of  music.  I  have  endeavoured  to  make 
it  probable  that  the  peculiar  esthetic  expression  of  the  minor  mode 
proceeded  partly  from  this  cause  and  partly  from  the  heterogeneous 
combinational  tones  of  the  minor  chord. 

In  the  last  part  of  my  book,  I  have  endeavoured  to  shew  that 
the  construction  of  scales  and  of  harmonic  tissue  is  a  product  of 
artistic  invention,  and  by  no  means  furnished  by  the  natural 
formation  or  natural  function  of  our  ear,  as  it  has  been  hitherto 
most  generally  asserted.  Of  course  the  laws  of  the  natural  func- 
tion of  our  ear  play  a  great  and  influential  part  in  this  result ; 
these  laws  are,  as  it  were,  the  building  stones  with  which  the 
edifice  of  our  musical  system  has  been  erected,  and  the  necessity 
of  accurately  understanding  the  nature  of  these  materials  in  order 
to  understand  the  construction  of  the  edifice  itself,  has  been  clearly 
shewn  by  the  course  of  our  investigations  upon  this  very  subject. 
But  just  as  people  with  differently  directed  tastes  can  erect 
extremely  different  kinds  of  buildings  with  the  same  stones,  so 
also  the  history  of  music  shews  us  that  the  same  properties  of 
the  human  ear  could  serve  as  the  foundation  of  very  different 
musical  systems.  Consequently  it  seems  to  me  that  we  cannot 
doubt,  that  not  merely  the  composition  of  perfect  musical  works 
of  art,  but  even  the  construction  of  our  system  of  scales,  keys, 
chords,  in  short  of  all  that  is  usually  comprehended  in  a  treatise 
on  Thorough  Bass,  is  the  work  of  artistic  invention,  and  hence 
must  be  subject  to  the  laws  of  artistic  beauty.  In  point  of  fact, 
mankind  has  been  at  work  on  the  diatonic  system  for  more  than 
2,500  years  since  the  days  of  Terpander  and  Pythagoras,  and  in 
many  cases  we  are  still  able  to  determine  that  the  progressive 
changes  in  the  tonal  system  have  been  due  to  the  most  distin- 
guished composers  themselves,  partly  by  their  own  independent 
inventions,  and  partly  by  the  sanction  which  they  gave  to  the  in- 
ventions of  others,  by  employing  them  artistically. 

The  esthetic  analysis  of  complete  musical  works  of  art,  and 
the  comprehension  of  the  reasons  of  their  beauty,  encounter  ap- 
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parently  invincible  obstacles  at  almost  every  point.  But  in  the 
field  of  elementary  musical  art  we  have  now  gained  so  much 
insight  into  its  internal  connection  that  we  are  able  to  bring 
the  results  of  our  investigations  to  bear  on  the  views  which 
have  been  formed  and  in  modem  times  nearly  universally  accepted 
respecting  the  cause  and  character  of  artistic  beauty  in  general. 
It  is,  in  fact,  not  difficult  to  discover  a  close  connection  and 
agreement  between  them ;  nay,  there  are  probably  fewer  examples 
more  suitable  than  the  theory  of  musical  scales  and  harmony,  to 
illustrate  the  darkest  and  most  difficult  points  of  general  esthetics. 
Hence  I  feel  that  I  should  not  be  justified  in  passing  over  these 
considerations,  more  especially  as  they  are  closely  connected  with 
the  tlieory  of  sensual  perception,  and  hence  with  physiology  in 
general. 

No  doubt  is  now  entertained  that  beauty  is  subject  to  laws 
and  rules  dependent  on  the  nature  of  himian  intelligence.  The 
difficulty  consists  in  the  fact  that  these  laws  and  rules,  on  whose 
fulfilment  beauty  depends  and  by  which  it  must  be  judged,  are 
not  consciously  present  to  the  mind,  either  of  the  artist  who 
creates  the  work,  or  the  observer  who  contemplates  it.  Art  works 
with  design,  but  the  work  of  art  ought  to  have  the  appearance  of 
being  undesigned,  and  must  be  judged  on  that  ground.  Art 
creates  as  imagination  pictures,  regularly  without  conscious  law, 
designedly  without  conscious  aim.  A  work,  known  and  acknow- 
ledged as  the  product  of  mere  intelligence,  will  never  be  accepted 
as  a  work  of  art,  however  perfect  be  its  adaptation  to  its  end. 
Whenever  we  see  that  conscious  reflection  has  acted  in  the  arrange- 
ment of  a  whole  work  of  art,  we  find  it  poor. 

Man  fdhlt  die  Absiclit,  und  man  wird  verstimmt. 
(We  feel  the  purpose,  and  it  jais  upon  us). 

And  yet  we  require  every  work  of  art  to  be  reasonable, 
and  we  shew  this  by  subjecting  it  to  a  critical  examination, 
by  seeking  to  enhance  our  enjoyment  and  our  interest  by  tracing 
out  the  suitability,  connection,  and  equilibrium  of  all  its  se- 
parate parts.  The  more  we  succeed  in  making  the  harmony 
and  beauty  of  all  its  peculiarities  clear  and  distinct,  the  richer 
we  find  it,  and  we  even  regard  as  the  principal  characteristic 
of  a  great  work  of  art  that  deeper  thought,  reiterated  observa- 
tion, and  continued  reflection  shew  us  more  and  more  clearly 
the  reasonableness  of  all  its  individual  parts.     Our  endeavour  to 
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comprehend  the  beauty  of  such  a  work  by  critical  examination, 
in  which  we  partly  succeed,  shews  that  we  assmne  a  certain 
adaptation  to  reason  in  works  of  art,  which  may  possibly  rise  to 
a  conscious  imderstanding,  although  such  understanding  is  neither 
necessary  for  the  invention  nor  for  the  enjojrment  of  the  beau- 
tiful. For  what  is  esthetically  beautiful  is  recognised  by  the  im- 
mediate judgment  of  a  cultivated  taste,  which  declares  it  pleasing 
or  displeasing,  without  any  comparison  whatever  with  law  or  con- 
ception. 

But  that  we  do  not  accept  delight  in  the  beautiful  as  some- 
thing individual,  but  rather  hold  it  to  be  in  r^ular  accordance 
with  the  nature  of  mind  in  general,  appears  by  our  expecting  and 
requiring  from  every  other  healthy  human  intellect  the  same 
homage  that  we  ourselves  pay  to  what  we  call  beautiful.  At  most 
we  allow  that  national  or  individual  peculiarities  of  taste  incline 
to  this  or  that  artistic  ideal,  and  are  most  easily  moved  by  it, 
precisely  in  t1)e  same  way  that  a  certain  amount  of  education  and 
practice  in  the  contemplation  of  fine  works  of  art  is  undeniably 
necessary  for  penetration  into  their  deeper  meaning. 

The  principal  difficulty  in  pursuing  this  object,  is  to  under- 
stand how  regularity  can  be  apprehended  by  contemplation  without 
being  consciously  felt  to  exist.  And  this  imconsciousness  of  re- 
gularity is  not  a  mere  accident  in  the  effect  of  the  beautiful  on 
our  mind,  which  may  indifferently  exist  or  not ;  it  is,  on  the  con- 
trary, most  clearly,  prominently,  and  essentially  important.  For 
through  apprehending  everywhere  traces  of  regularity,  connection, 
and  order,  without  being  able  to  grasp  the  law  and  plan  of  the 
whole,  there  arises  in  our  mind  a  feeling  that  the  work  of  art 
which  we  are  contemplating  is  the  product  of  a  design  which  far 
exceeds  an3rthing  we  can  conceive  at  the  moment,  and  which  hence 
partakes  of  the  character  of  the  illimitable.  Remembering  the 
poet's  words : 

Du  gleichst  dem  Geist,  den  du  begreifst, 
(Thou'rt  like  the  spirit  thou  conceiveflt), 

we  feel  that  those  intellectual  powers  which  were  at  work  in  the  artist, 
are  far  above  our  conscious  mental  action,  and  that  were  it  even  pos- 
sible at  all,  infinite  time,  meditation,  and  labour  would  have  been 
necessary  to  attain  by  conscious  thought  that  degree  of  order,  con- 
nection, and  equilibrium  of  all  parts  and  all  internal  relations,  which 
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the  artist  has  accomplished  under  the  sole  guidance  of  tact  and  taste, 
and  which  we  have  in  turn  to  appreciate  and  comprehend  by  our  own 
tact  and  taste,  long  before  we  begin  a  critical  analysis  of  the  work. 

It  is  clear  that  all  high  appreciation  of  the  artist  and  his  work 
reposes  essentially  on  this  feeling.  In  the  first  we  honour  a 
genius,  a  spark  of  divine  creative  fire,  which  &r  transcends  the 
limits  of  our  intelligent  and  conscious  forecast.  And  yet  the 
artist  is  a  man  as  we  are,  in  whom  work  the  same  mental  powers 
as  in  ourselves,  only  in  their  own  peculiar  direction,  purer, 
brighter,  steadier ;  and  by  the  greater  or  less  readiness  and  com- 
pleteness with  which  we  grasp  the  artist's  language  we  measure 
our  own  share  of  those  powers  which  produced  the  wonder. 

Herein  is  manifestly  the  cause  of  that  moral  elevation  and 
feeling  of  ecstatic  satisfaction  which  is  called  forth  by  thorough 
absorption  in  genuine  and  lofty  works  of  art.  We  learn  from 
them  to  feel  that  even  in  the  obscure  depths  of  a  healthy  and 
harmoniously  developed  human  mind,  which  are  at  least  for  the 
present  inaccessible  to  analysis  by  conscious  thought,  there  slum- 
bers a  germ  of  order  that  is  capable  of  rich  intellectual  cultivation, 
and  we  learn  to  recognise  and  admire  in  the  work  of  art,  though 
executed  in  unimportant  material,  the  picture  of  a  similar  arrange- 
ment of  the  imiverse,  governed  by  law  and  reason  in  all  its 
parts.  The  contemplation  of  a  real  work  of  art  awakens  our  con- 
fidence in  the  originally  healthy  nature  of  the  human  mind,  when 
uncribbed,  unharassed,  imobscured,  and  unfalsified. 

But  for  all  this  it  is  an  essential  condition  that  the  whole 
extent  of  the  regularity  and  design  of  a  work  of  art  should  not  be 
apprehended  consciously.  It  is  precisely  from  that  part  of  its 
regular  subjection  to  reason,  which  escapes  our  conscious  appre- 
hension, that  a  work  of  art  exalts  and  delights  us,  and  that  the 
chief  effects  of  the  artistically  beautiful  proceed,  not  firom  the  part 
which  we  are  able  fully  to  analyse. 

If  we  now  apply  these  considerations  to  the  system  of  musical 
tones  and  harmony,  we  see  of  course  that  these  are  objects  belong- 
ing to  an  entirely  subordinate  and  elementary  domain,  but  never- 
theless they,  too,  are  slowly  matured  inventions  of  the  artistic  taste 
of  musicians,  and  consequently  they,  too,  must  be  governed  by  the 
general  rules  of  artistic  beauty.  Precisely  because  we  are  here 
still  treading  the  lower  walks  of  art,  and  are  not  dealing  with  the 
expression  of  deep  psychological  problems,  we  are  able  to  discover  a 
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comparatively  simple  and  transparent  solution  of  that  fundamental 
enigma  of  esthetics. 

The  whole  of  the  last  part  of  this  book  has  explained  how 
musicians  gradually  discovered  the  relationships  between  tones  and 
chords,  and  how  the  invention  of  harmonic  music  rendered  these 
relationships  closer,  and  clearer,  and  richer.  We  have  been  able 
to  deduce  the  whole  system  of  rules  which  constitute  Thorough 
Bass,  from  an  endeavour  to  introduce  a  clearly  sensible  connection 
into  the  series  of  tones  which  form  a  piece  of  music. 

A  feeling  for  the  melodic  relationship  of  consecutive  tones,  was 
first  developed,  commencing  with  Octave  and  Fifth  and  advancing 
to  the  Third.      We  have  taken  pains  to  prove  that  this  feeling  of 
relationship  was  founded  on  the  perception  of  identical  partial 
tones  in  the  corresponding  compound  tones.      Now  these  partial 
tones  are  of  course  present  in  the  sensations  excited  in  our  auditory 
apparatus,  and  yet  they  are  not  generally  the  subject  of  conscious 
perception  as  independent  sensations.     The  conscious  perception 
of  everyday  life  is  limited  to  the  apprehension  of  the  tone  com- 
pounded of  these  partials,  as  a  whole,  just  as  we  apprehend  the 
taste  of  a  very  compound  dish  as  a  whole,  without  clearly  feeling 
how  much  of  it  is  due  to  the  salt,  or  the  pepper,  or  other  spices 
and  condiments.    A  critical  examination  of  our  auditory  sensations 
as  such  was  required  before  we  could  discover  the  existence  of 
upper  partial  tones.    Hence  the  real  reason  of  the  melodic  relation- 
ship of  two  tones  (with  the  exception  of  a  few  more  or  less  clearly 
expressed  conjectures,  as,  for  example,  by  Rameau  and  d'Alembert) 
remained  so  long  undiscovered,  or  at  least  was  not  in  any  respect 
clearly  and  definitely  formulated.     I  believe  that  I  liave  been  able 
to  furnish  the  required  explanation,  and  hence  clearly  to  exhibit 
the  whole  connection  of  the  phenomena.     The  esthetic  problem  is 
thus  referred  to  the  common  property  of  all  sensual  perceptions, 
namely,  the  apprehension  of  compound  aggregates  of  sensations 
as  sensible  symbols  of  simple  external  objects,  without  analysing 
them.     In  our  usual  observations  on  external  nature  our  attention 
is  so  thoroughly  engaged  by  external  objects  that  we  are  entirely 
unpractised  in  taking  as  the  subjects  of  conscious  observation,  any 
properties  of  our  sensations  themselves,  which  we  do  not  know  as  the 
sensible  expression  of  some  individual  extern^  object  or  event* 

After  musicians  had  long  been  content  with  the  melodic  re- 
lationship of  tones,  they  began  in  the  middle  ages  to  make  use  of 
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harmonic  relationship  as  shewn  in  consonance.  The  effects  of 
various  combinations  of  tones  also  depend  partly  on  the  identity 
or  difference  of  two  of  their  different  partial  tones,  but  they  like- 
wise partly  depend  on  their  combinational  tones.  But  whereas  in 
melodic  relationship  the  equality  of  the  upper  pai-tial  tones  can 
only  be  perceived  by  remembering  the  preceding  compound  tone, 
in  harmonic  relationship  it  is  determined  by  immolate  sensation, 
by  the  presence  or  absence  of  beats.  Hence  in  harmonic  combi- 
nations of  tone,  tonal  relationship  is  felt  with  that  greater  liveliness 
due  to  a  present  sensation  as  compared  with  the  recollection  of  a 
past  sensation.  The  wealth  of  clearly  perceptible  relations  grows 
with  the  number  of  tones  combined.  Beats  are  easy  to  recognise 
as  such  when  they  occur  slowly;  but  those  which  characterise 
dissonances  are,  almost  without  exception,  very  rapid,  and  are  partly 
covered  by  sustained  tones  which  do  not  beat,  so  that  a  careful 
comparison  of  slower  and  quicker  beats  is  necessary  to  gain  the 
conviction  that  the  essence  of  dissonance  consists  precisely  in  rapid 
beats.  Slow  beats  do  not  create  the  feeling  of  dissonance,  which 
does  not  arise  till  the  rapidity  of  the  beats  confuses  the  ear  and 
makes  it  unable  to  distinguish  them.  In  this  case  also  the  ear 
feels  the  difference  between  the  undistiurbed  combination  of  sound 
in  the  case  of  two  consonant  tones,  and  the  disturbed  rough  com- 
bination resulting  from  a  dissonance.  But,  as  a  general  rule,  the 
hearer  is  then  perfectly  unconscious  of  the  cause  to  which  the  dis- 
turbance and  roughness  are  due. 

The  development  of  harmony  gave  rise  to  a  much  richer 
development  of  musical  art  than  was  previously  possible,  because 
the  far  clearer  characterisation  of  related  combinations  of  tones 
by  means  of  chords  and  chordal  sequences,  allowed  of  the  use  of 
much  more  distant  relationships  than  were  previously  available,  by 
modulating  into  different  keys.  In  this  way  the  means  of  expres- 
sion greatly  increased  as  well  as  the  rapidity  of  the  melodic  and 
harmonic  transitions  which  could  now  be  introduced  without  losing 
the  connection. 

As  the  independent  significance  of  chords  came  to  be  appre- 
ciated in  the  fifteenth  and  sixteenth  centuries,  a  feeling  arose  for 
the  relationship  of  chords  to  one  another  and  to  the  tonic  chord,  in 
accordance  with  the  same  law  which  had  long  ago  unconsciously 
regulated  the  relationship  of  compound  tones.  The  latter  depended 
on  the  identity  of  two  or  more  partial  tones,  the  former  on  the 
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identity  of  two  or  more  notes.  For  the  musician,  of  course,  the  law 
of  the  relationship  of  chords  and  keys  is  much  more  intelligible 
than  that  of  compound  tones.  He  readily  hears  the  identical 
tones,  or  sees  them  in  the  notes  before  him.  But  the  unprejudiced 
and  uninstructed  hearer  is  as  little  conscious  of  the  reason  of  the 
connection  of  a  clear  and  agreeable  series  of  fluent  chords,  as  he 
is  of  the  reason  of  a  well-connected  melody.  He  is  startled  by  a 
false  cadence  and  feels  its  unexpectedness,  but  is  not  at  all 
necessarily  conscious  of  the  reason  of  its  unexpectedness. 

Then,  again,  we  have  seen  that  the  reason  why  a  chord  in  music 
appears  to  be  the  chord  of  a  determinate  root,  depends  once  more 
upon  the  analysis  of  a  compoimd  tone  into  its  partial  tones,  that 
is,  once  more  upon  those  elements  of  a  sensation  which  cannot 
readily  become  subjects  of  conscious  perception.  This  relation 
between  chords  is  of  great  importance,  both  in  the  relation  of  the 
tonic  chord  to  the  tonic  tone,  and  in  the  sequence  of  chords. 

The  recognition  of  these  resemblances  between  compound  tones 
and  between  chords,  reminds  us  of  another,  an  exactly  analogous 
circumstance  which  we  must  have  often  experienced.  We  recognise 
the  resemblance  between  the  feces  of  two  near  relations,  ¥dthout 
being  at  all  able  to  say  in  what  the  resemblance  consists,  especially 
when  age  and  sex  are  different,  and  the  coarser  outlines  of  the 
features  consequently  present  striking  differences.  And  yet  not- 
withstanding these  differences ;  and  notwithstanding  that  we  are 
unable  to  fix  upon  a  single  point  in  the  two  countenances  which  is 
absolutely  alike,  the  resemblance  is  often  so  extraordinarily  striking 
and  convincing,  that  we  have  not  a  moment's  doubt  about  it. 
Precisely  the  same  thing  occiurs  in  recognising  the  resemblance 
between  two  compound  tones. 

Again,  we  are  often  able  to  assert  with  perfect  certainty,  that  a 
passage  not  previously  heard  is  due  to  a  particular  author  or  com- 
poser whose  other  works  we  know.  Occasionally,  but  by  no  means 
always,  individual  mannerisms  in  verbal  or  musical  phrases  deter- 
mine our  judgment,  but  as  a  rule  we  are  mostly  unable  to  fix  upon 
the  exact  points  of  resemblance  between  the  new  piece  and  the 
known  works  of  the  author  or  composer. 

The  analogy  of  these  different  cases  may  be  even  carried  farther. 
When  a  father  and  daughter  are  strikingly  alike  in  some  well- 
marked  feature,  as  the  nose  or  forehead,  we  observe  it  at  once,  and 
think  no  more  about  it.    But  if  the  resemblance  is  so  enigmatically 
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concealed  that  we  cannot  detect  it,  we  are  fascinated,  and  cannot 
help  continuing  to  compare  their  countenances.  And  if  a  painter 
drew  two  such  heads  having,  say,  a  somewhat  different  expression 
of  character  combined  with  a  predominant  and  striking,  though 
indefinable,  resemblance,  we  should  undoubtedly  value  it  as  one  of 
the  principal  beauties  of  his  painting.  Our  admiration  would 
certainly  not  be  due  merely  to  his  technical  skill ;  we  should  rather 
look  upon  his  painting  as  evidencing  an  imusually  delicate  feeling 
for  the  significance  of  the  human  coimtenance,  and  find  in  this 
the  artistic  justification  of  his  work. 

Now  the  case  is  similar  for  musical  intervals.  The  resemblance 
of  an  Octave  to  its  root  is  so  great  and  striking  that  the  dullest 
ear  perceives  it ;  the  Octave  seems  to  be  almost  a  pure  repetition 
of  the  root,  as  it,  in  fact,  merely  repeats  a  part  of  the  compound 
tone  of  its  root,  without  adding  anything  new.  Hence  the 
esthetical  effect  of  an  Octave  is  that  of  a  perfectly  simple,  but 
little  attractive  interval.  The  most  attractive  of  the  intervals, 
melodically  and  harmonically,  are  clearly  the  Thirds  and  Sixths, 
— the  intervals  which  lie  at  the  very  boundary  of  those  that  the 
ear  can  grasp.  The  major  Third  and  the  major  Sixth  cannot  be 
properly  appreciated  unless  the  first  five  partial  tones  are  audible. 
These  are  present  in  good  musical  qualities  of  tone.  The  minor 
Third  and  the  minor  Sixth  are  for  the  most  part  justifiable  only 
as  inversions  of  the  former  intervals.  The  more  complicated 
intervals  in  the  scale  have  no  longer  any  direct  or  easily  intelli- 
gible relationship.     They  have  no  longer  the  charm  of  the  Thirds. 

Moreover,  it  is  by  no  means  a  merely  external  indifferent 
regularity  which  the  employment  of  diatonic  scales,  founded  on 
the  relationship  of  compound  tones,  has  introduced  into  the  tonal 
material  of  music,  just  as  rhythm  introduced  an  external  arrange- 
ment into  the  words  of  poetry.  I  have  shewn,  on  the  contrary, 
in  Chapter  XIV.,  that  this  construction  of  the  scale  furnished  a 
means  of  measuring  the  intervals  of  their  tones,  so  that  the 
equality  of  two  intervals  lying  in  different  sections  of  the  scale 
would  be  recognised  by  immediate  sensation.  Thus  the  melodic 
step  of  a  Fifth  is  always  characterised  by  having  the  second 
partial  tone  of  the  second  note  identical  with  the  third  of 
the  first.  This  produces  a  definiteness  and  certainty  in  the 
measurement  of  intervals  for  our  sensation,  such  as  might  be 
looked  for  in  vain  in  the  system  of  colours,  otherwise  so  similar. 
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or  in  the  estimation  of  mere  diflFerences  of  Intensity  in  our  various 
sensual  perceptions. 

Upon  this  reposes  also  the  characteristic  resemblance  between 
the  relations  of  the  musical  scale  and  of  space,  a  resemblance 
which  appears  to  me  of  vital  importance  for  the  peculiar  effects 
of  music.  It  is  an  esssential  character  of  space  that  at  every 
position  within  it  like  bodies  can  be  placed,  and  like  motions 
can  occur.  Everything  that  is  possible  to  happen  in  one  part 
of  space  is  equally  possible  in  every  other  part  of  space  and  is 
perceived  by  us  in  precisely  the  same  way.  This  is  the  case  also 
with  the  musical  scale.  Every  melodic  phrase,  every  chord,  which 
can  be  executed  at  any  pitch,  can  be  also  executed  at  any 
other  pitch  in  such  a  way  that  we  inmiediately  perceive  the 
characteristic  marks  of  their  similarity.  On  the  other  hand, 
also,  different  voices,  executing  the  same  or  different  melodic 
phrases,  can  move  at  the  same  time  within  the  compass  of  the 
scale,  like  two  bodies  in  space,  and,  provided  they  are  consonant 
in  the  accented  parts  of  bars,  without  creating  any  musical 
disturbances.  Such  a  close  analogy  consequently  exists  in  all 
essential  relations  between  the  musical  scale  and  space,  that  even 
alteration  of  pitch  has  such  a  readily  recognised  and  unmis- 
takable resemblance  to  motion  in  space,  that  it  is  often  meta- 
phorically termed  the  ascending  or  descending  motion  or  pro- 
gression of  a  part.  Hence,  again,  it  becomes  possible  for  motion 
in  music  to  imitate  the  peculiar  characteristics  of  motive  forces  in 
space,  that  is,  to  form  an  image  of  the  various  motives  and  forces 
which  lie  at  the  root  of  motion.  And  on  this,  as  I  believe,  de- 
pends the  power  of  music  to  picture  emotion. 

It  is  not  my  intention  to  deny  that  music  in  its  initial  state 
and  simplest  forms  may  have  been  originally  an  artistic  imita- 
tion of  the  instinctive  modulations  of  the  voice  that  correspond 
to  various  conditions  of  the  feelings.  But  I  cannot  think  that 
this  is  opposed  to  the  above  explanation ;  for  a  great  part  of  the 
natural  means  of  vocal  expression  may  be  reduced  to  such  facts  as 
that  its  rhythm  and  accentuation  are  an  immediate  expression  of 
the  rapidity  or  force  of  the  corresponding  psychical  motives,  that 
effort  drives  the  voice  up,  that  desire  to  make  a  pleasant  impres- 
sion on  another  selects  a  softer,  pleasanter  quality  of  tone,  and  so 
forth.  An  endeavour  to  imitate  the  involuntary  modulations  of  the 
voice  and  make  its    recitation  richer  and  more  expressive,  may 
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therefore  very  possibly  have  led  our  ancestors  to  the  discovery 
of  the  first  means  of  musical  expression,  just  as  the  imitation 
of  weeping,  shouting,  or  sobbing,  and  other  musical  delineations 
may  play  a  part  in  even  cultivated  music,  (as  in  operas),  although 
such  modifications  of  the  voice  are  not  confined  to  the  action  of 
free  mental  motives,  but  embrace  really  mechanical  and  even 
involuntary  muscular  contractions.  But  it  is  quite  clear  that 
every  completely  developed  melody  goes  far  beyond  an  imitation 
of  nature,  even  if  we  include  the  cases  of  the  most  varied  altera- 
tion of  voice  under  the  influence  of  passion.  Nay,  the  very  fact 
that  music  introduces  progression  by  fixed  degrees  both  in  rhythm 
and  in  the  scale,  renders  even  an  approximatively  correct  re- 
presentation of  nature  simply  impossible,  for  most  of  the  pas- 
sionate aflFections  of  the  voice  are  characterised  by  a  gliding 
transition  in  pitch.  The  imitation  of  nature  is  thus  rendered  as 
imperfect  as  the  imitation  of  a  picture  by  embroidery  on  a  canvas 
with  separate  little  squares  for  each  shade  of  colour.  Music,  too, 
departed  still  further  from  nature  when  it  introduced  the  greater 
compass,  the  mobility,  and  the  strange  qualities  of  tone  belonging 
to  musical  instruments,  by  which  the  field  of  attainable  musical 
effects  has  become  so  much  wider  than  it  was  or  could  be  when 
the  human  voice  alone  was  employed. 

Hence  though  it  is  probably  correct  that  mankind,  in  historical 
development,  first  learned  the  means  of  musical  expression  from  the 
human  voice,  it  can  hardly  be  denied  that  these  same  means  of 
expressing  melodic  progression  act,  in  artistically  developed  music, 
without  the  slightest  reference  to  the  application  made  of  them  in 
the  modulations  of  the  human  voice,  and  have  a  more  general 
significance  than  any  that  can  be  attributed  to  innate  instinctive 
cries.  That  this  is  the  case  appears  above  all  in  the  modem 
development  of  instrumental  music,  which  possesses  an  effective 
power  and  artistic  justification  that  need  not  be  gainsaid,  although 
we  may  not  yet  be  able  to  explain  it  in  all  its  details. 


Here  I  close  my  work.  It  appears  to  me  that  I  have  carried 
it  as  far  as  the  physiological  properties  of  the  sensation  of  hearing 
exercise  a  direct  influence  on  the  construction  of  a  musical  system, 
that  is,  as  far  as  the  work  especially  belongs  to  natural  philosophy. 
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APPENDIX  I. 

On  an  Electro-Maqnetic  Driving  Machine  for  the  Siren. 

(See  p.  20.) 

I  HAVE  lately  had  a  small  electro-magnetic  machine  constructed  with  a 
constant  velocity  of  rotation,  and  it  has  proved  of  great  service  in  driving 
the  siren.  A  rotating  electro-magnet,  in  which  the  direction  of  current 
is  changed  every  semi- rotation,  moves  between  two  fixed  magnetic  poles. 
The  current  in  this  electro-magnet  is  interrupted,  as  soon  as  the  velocity 
begins  to  exceed  the  desired  amount,  by  the  centrifrugal  force  of  a  mass  of 
metal  fastened  to  its  axis  of  rotation.  Two  spiral  springs  whose  elasticity 
is  opposed  to  the  centrifrugal  force,  may  be  tightened  or  loosened,  and  thus 
made  stronger  or  weaker  at  pleasure.  By  this  means  the  velocity  can  be 
maintained  at  any  required  rate.  A  figure  and  description  of  this  machine 
were  given  by  Herr  S.  Exner,  in  the  *  Proceedings '  {Sitzungsherichte)  of 
the  Vienna  Academy;  Math.  Naturw.  CI.  vol.  LVII.  part  II.,  8  Oct.  1868. 
The  siren  is  connected  with  the  machine  by  a  thin  driving  band,  and 
then  it  does  not  require  to  be  blown.  Instead  of  blowing,  I  placed  on  the 
disc  a  small  turbine  constructed  of  stiff  paper,  which  drove  the  air  through 
the  openings  whenever  they  coincided  with  those  in  the  chest.  This 
arrangement  gave  me  extremely  constant  tones  on  the  siren,  rivalling  those 
on  the  best  constructed  organ  pipes. 


APPENDIX  11. 

On  the  Size  and  Construction  of  Resonators. 

(See  p.  69.) 

Spherical  Resonators  with  a  short  funnel-shaped  neck  for  insertion  into 
the  ear  as  shewn  in  fig.  16  a  (p.  68),  are  most  efficient.  Their  advantage 
consists  partly  in  their  other  proper  tones  being  very  distant  indeed  from 
their  prime  tones,  and  hence  being  very  slightly  reinforced,  and  partly 
in  the  spherical  form  giving  the  most  powerful  resonance.  But  the 
walls  of  the  sphere  must  be  firm  and  smooth,  to  oppose  the  necessary 
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reBiBtance  to  the  powerful  vibrations  of  air  wbicli  take  place  within  litem, 
and  to  impede  the  motion  of  the  air  aa  little  as  poaeible  by  friction.  At 
firat  I  employed  any  Bpherical  glass  vessels  that  came  to  band,  as  the 
receivers  of  retorts,  and  inserted  into  one  of  their  openings  a  glass  tube 
which  had  been  adapted  to  my  ear.  Afterward  Herr  R.  Koenig  (maker  of 
acoustical  instruments,  Paris,  30  me  Uautefeuille  [all  of  whose  apparatus 
can  be  obtained  through  Mr.  Ladd,  Beak  Street,  Regent  Street,  London]), 
constructed  a  series  of  these  glass  spheres  properly  tuned.  The  following 
is  a  table  of  their  size : 
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8)  Vb 

S)  S"l. 

10)  J" 
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Neck  pjlindrical 


Smaller  spheres  did  not  answer  well.  Latterly  metal  resonatora  of  the 
form  of  fig.  16  a,  p.  68,  were  made  for  me  by  Herr  Koenig.  I  broke  two 
glass  spheres  lying  between  e'  and  b"b,  which  I  endeavoured  to  r^lace  by 
cylindrical  tubes  resembling  fig.  IG  b  (p.  68).  Their  dimenaiona  were  as 
follows : 
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Leagth 

[MdtoClW] 
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[uicl  cab.  fdchw] 

B«m*rb 

11  d" 

2)  /' 

3)  V't. 

4)  J'b 

133 
123 
lU 
12S 

fl-21 
4-92 

2S 
21 
21 
20 

■83 
■94 
■79 

68 

30 
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Half  covered 

ditto 
ditto 
Open 

For  very  low  tones  I  used  tubes  of  pasteboard,  of  which  one  end  had  a 
circular  opening  and  the  other  or  closed  end  was  JStted  with  a  glass  tube 
adapted  to  the  ear.     Those  I  used  had  the  following  dimensions  : 
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In  tubular  resonators,  however,  the  second  proper  tone,  which  is  nearly 
the  Fifth  of  its  prime  tone,  may  also  become  evident. 

Conical  tubes  of  tin,  which  were  made  for  me  by  Herr  Appim  in 
Hanau,  are  easy  to  construct,  and  applicable  for  most  purposes ;  but  they 
also  reinforce  all  the  harmonic  upper  partials  of  their  prime  tone. 

Resonators  with  a  very  narrow  opening  generally  produce  a  much 
more  considerable  reinforcement  of  the  tone,  but  then  there  must  be  a 
much  more  precise  agreement  between  the  pitch  of  the  tone  to  be  heard, 
and  the  proper  tone  of  the  resonator.  It  is  just  as  in  microscopes ;  the 
greater  the  magnifying  power,  the  smaller  the  field  of  view.  Reducing  the 
size  of  the  orifice  also  deepens  the  pitch  of  the  resonator,  and  this  gives  an 
easy  means  of  tuning  it  to  any  required  pitch.  But,  for  the  above  reason, 
the  opening  must  not  be  reduced  too  much. 

I  should  also  mention  Herr  Koenig's  plan  of  transferring  vibrations  of 
air  to  gas  fiames,  and  thus  making  them  visible.  Flames  of  this  sort  act 
well  when  connected  with  resonators,  which  are  then  best  made  of  a  spheri- 
cal form,  and  should  have  two  equal  openings.  To  one  of  the  openings 
the  small  gas-chamber  is  fixed.  This  chamber  is  a  small  flat  box,  about 
big  enough  to  contain  two  shilling  pieces  laid  flat  on  one  another.  It  is 
cut  out  of  a  plate  of  wood,  and  closed  on  the  side  next  the  resonator  with 
a  very  thin  membrane  of  india-rubber,  which,  while  it  completely  separates 
the  air  of  the  resonator  firom  the  gas  in  the  chamber,  allows  the  vibrations 
of  the  air  to  be  freely  communicated  to  the  gas.  Through  the  plate  of 
wood  two  narrow  pipes  enter  the  chamber,  one  introducing  the  inflamma- 
ble gas  and  the  other  conducting  it  away.  This  last  ends  in  a  very  fine 
point  at  which  the  gas  is  lighted.  The  vibrations  of  the  air  in  the  reson- 
ator being  communicated  to  the  gas  cause  the  flame  to  leap  up  and  down. 
These  oscillations  of  the  flame  are  so  rapid  and  regular  that,  when  viewed 
directly,  the  flame  appears  to  be  quite  steady.  Its  altered  condition,  how- 
ever, betrays  itself  by  an  altered  form  and  colour.  Thus  to  recognise  the 
beats  of  two  tones  reinforced  by  the  resonator,  it  is  enough  to  look  at  the 
flame  and  observe  how  it  alternates  between  its  forms  of  rest  and  of  oscilla- 
tion. But  to  see  the  separate  oscillations  the  flames  should  be  viewed  in  a 
rotating  glass,  in  which  the  flame  at  rest  appears  to  be  drawn  out  into  long 
uniform  ribbon,  while  the  oscillating  flame  appears  as  a  series  of  separate 
images  of  flames.  It  is  thus  possible  to  allow  a  large  number  of  persons  at 
once  to  determine  whether  or  not  a  given  tone  is  reinforced  by  the  resonator.^ 

'  [All  these  instruments  and  appliances  can  be  obtained  of  Herr  Koenig,  by  whom 
they  were  exhibited  in  London  at  the  International  Exhibition  of  1872.  lArge 
drawings  of  the  appearances  of  the  flames  just  described  as  viewed  in  the  rotating 
minor  while  two  octaves  were  sung  to  the  French  vowels,  were  also  exhibited.  See 
Koenig*8  paper  on  the  subject,  with  plates,  in  Philosophical  Magazine,  1873,  voL  45, 
pp.  1-18, 105-114. — On  the  principles  of  the  use  of  revolving  mirrors,  first  experimen- 
tally used  by  Sir  C.  Wheatstone,  see  Donkin's  •  Acoustics,'  1870,  p^  U2.— Translator.] 
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APPENDIX  III. 

On  the  Motion  of  Plucked  Strings. 

(See  p.  83.) 

Let  X  be  the  distance  of  a  point  in  the  string  from  one  of  its  extremities, 
and  I  the  length  of  the  string,  so  that  for  one  extremity  x^O,  and  for  the 
other  x=/.  It  is  sufficient  to  investigate  the  case  for  which  the  motion 
takes  place  in  one  plane  passing  through  the  position  of  rest  Let  y  be  the 
distance  of  the  point  x  from  its  position  of  rest  at  the  time  t.  And  let  /x 
be  the  weight  of  the  unit  of  length,  and  T  the  tension  of  the  string.  The 
differential  equation  of  motion  is  then 


dt 


(1) 


Then,  since  the  extremities  of  the  string  are  assumed  to  be  at  rest,  we  must 

have 

y =0  when  x=0,  and  also  when  a:=Z    (la) 

The  most  general  integral  of  the  equation  (1)  which  fulfils  the  condi- 
tions (la)  and  corresponds  to  a  periodic  motion  of  the  string,  is 

kX  •   ^ircT-  ^ 

y=ili.Bin  — .  C08  27rnf+^2.sin---.  cos  4tirnt 


4-^3.  sin-y-.  cos  6  irnt  -f  &c. 
4--5i-  sin  -— .  sin  ^irnt-^-  B^.foxi.——.  sin  ^wnt 
+  -Bj.  sin  —7—.  sin  ^irnt-\-  &c. 


(lb) 


T 
where  n*  =  — ^  and  Axy  A^y  -4,,  <fec.,  and  J?„  J?„  J5j,  tfec,  are  any  con- 
stant co-efficients,  which  can  be  determined  when  the  form  and  velocity  of 
the  string  are  known  for  any  determinate  time  t. 
For  i:=0,  the  form  of  the  string  will  be 

y=i4,.  sm—  +  ^a 2 —  +  -4,. am—-  +       ...  (Ic) 

and  the  velocity  of  the  string  will  be 

^J  =  2,r,,  (i?,. sin  !:^  +  2  A,,  sin  !lf  +  3  B,. sin  ^f)...  (Id) 

Now  suppose  the  string  to  have  been  drawn  aside  by  a  sharp  point,  and 
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that  the  point  was  withdrawn  at  ihe  time  t^O,  so  that  the  yibration  com- 
menced at  that  moment,  then  for  t=:0  there  was  no  yelocity,  that  is  -Jf 

was  =0  for  all  values  of  x.     This  can  only  be  the  case  when  in  equation 
(Id),      0=i?i=i?a=^,=&c. 

The  coefficients  ^,,  A^,  A^,  &c.,  depend  on  the  shape  of  the  string  at 
the  time  t=0.  At  the  moment  the  sharp  point  quitted  it  the  string  must 
have  assumed  the  position  of  fig.  18  A  (p.  86),  that  is,  it  must  have  formed 
two  straight  lines  proceeding  from  the  sharp  point  to  the  fixed  extremities 
of  the  string.  Supposing  the  position  of  the  sharp  point  at  that  moment 
to  be  determined  by  x=sa  and  y^b,  then  for  the  time  <=:0,  the  value 
oft/, 

ifa>a;>0,     was^^ —  (2) 

and  if  />x>a,     wasy=^.- —    (2a) 

and  the  values  of  y  in  (Ic)  and  (2),  or  else  (2a)  respectively,  must  be 
identical. 

To  find  the  co-efiicieni  A^j  the  well-known  method  is  to  multiply  both 

sides  of  the  equation  (Ic)  by  sin  — - — dx^  and  to  integrate  between  the 
limits  x=^0  and  a;=Z.     In  this  case  equation  (Ic)  reduces  to 

f   y.  sm— y— .oa:  z=  Am-  I      sm* —- — ax  (2b) 

in  which  i/  must  be  replaced  by  its  values  in  (2)  and  (2a).      Performing 
the  int^rations  indicated  in  (2b)  we  find 

A^^ ^^^       .ring?!^  (3) 

Hence  A^  will  =  0,  and  consequently  the  mth  tone  of  the  string  will 

disappear  when  sin  — - —  =  0,  that  is,  when  a  = —  or  =  —  ,  or  ^  —  &c. 

/  m  m  m 

Hence  if  we  suppose  the  string  to  be  divided  into  m  equal  parts,  and  to  be 

plucked  in  one  of  these  divisions,  the  mth  tone  disappears,  and  this  is  the 

tone  whose  nodes  fall  upon  these  points. 

Every  node  for  an  with  tone  is  also  a  node  for  the  2mth,  Smth,  4mth, 

&c.,  tone,  and  hence  all  these  tones  also  disappear. 

The  int^;ral  of  equation  (I)  may  also,  as  is  well  known,  be  exhibited 
in  the  following  form  : — 

y=^a;-a^)  +  ^(x+cU) (4) 
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T 
where  a'=  — ,  and  f ,  tt  are  aibitiarj  fimetioiia.    Hie  fbnctian  f(x--af) 

denotes  an j  ibrm  of  tbe  string  which  adranoea  in  the  directmi  of  positiTe 
X  with  the  Telocitj  a,  but  without  any  other  change ;  and  the  function 
^(x-f-a/)  denotes  a  similar  fonn  proceeding  with  the  same  Telocitj  in  the 
direction  of  negatire  x.  For  anj  giren  Talne  of  the  time  i  we  most  sap- 
pose  both  functions  to  be  giren  from  x=  — oo  to  x^  +  ao ,  and  then  the 
motion  of  the  string  is  determined. 

The  determination  of  the  motion  of  a  plndked  stzing  will  result  in  tfaii 
second  form  of  solution,  from  determining  the  functions  f  and  ifr,  so  that 

1)  for  tbe  Talues  x=0  and  x^/,  the  yalue  of  jr  for  any  Talue  of  t  will 
be  constantly  ^0.     This  will  be  the  case,  if  for  anj  -value  of  /, 

f(-a/)=  -  4<+at)  (4a) 

and  f(/-a/)=  -  ,f</+a<) (4b) 

If  in  the  first  equation  we  put  af=— v,  and  in  the  seoond  /+a<=»9, 
we  obtain 

and  ^(2/+v)=  -<^(-v) 

so  that  ^(2/4-t?)=^t^) (5) 

Hence  the  function  ^  is  periodic,  for  its  value  becomes  the  same  when 
its  argument  is  increased  by  2/.     The  same  results  for  }p. 

2)  For  /=0,   we   must  have    -^  =  0  between   the  limits    x  =  0 

and  .r=/.     Hence  writing  i//'(v)  for  '     \      }  and  putting  ^=0  inequa- 
tion (4),  we  obtain 

f(x)=f(x) 

And  integrating  this  with  respect  to  x,  we  have 

^(x)=i/.(x)4-C 

Now  since  neither  i/  nor  -^  are  altered  by  adding  the  same  constant 

io  ^  and  substnicting  it  from  \//,  the  constant  C  is  perfectly  arbitrary,  and 
we  may  consequently  assume  it  to  be  =0,  and  hence  write 

^(x)=i/.(x)    (5a) 

3)  Since  finally  at  the  time  /=0,  and  within  tlie  limits  x=0,  x=/, 
tlio  magnitude 

y,  which  is  =^(a-)  +  i/^x)=20(x), 
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must  have  the  value  shewn  in  fig.  18  A  (p.  86),  the  ordinates  of  this  figure 
immediately  give  the  value  of  2^x)  and  of  2i/^x),  by  meana  of  equa- 
tion (5): — 

between  x=0  and  xss  I 

„  X=i2l  yy        X=iSl 

„      x^4il    jj   xssbl 
and  so  forth. 

But  since    firom    (4a,  4b,  5)   it  follows  that  ^(— «)=— ^t;),   and 

^(/— v)=:— 0(/4-t;),  the  value  of  2^(0;)  is  given  by  the  triangle  in  fig.  18  G 

(p.  86), 

between  «=  —  /    and  a:=     0 

„        x=— 3Z       „   gp=— 2/ 
and  also  between  x^       I      „    xs=     21 
,y       x^     31      „    07=     4/ 
and  so  forth. 

By  this  means  the  functions  0  and  \p  are  completely  determined,  and 
on  supposing  that  the  two  wave-lines  proceed  in  oppomte  directions  with 
the  velocity  a,  we  obtain  the  forms  of  the  string  given  in  ^g.  18,  p.  86, 
which  represent  the  changes  of  the  string  for  every  twelfth  part  of  the 
periodic  time  of  its  vibration. 

[See  Donkin's  *  Acoustics,*  Chaps.  V.  and  VI.] 


APPENDIX  IV. 

On  the  Production  of  Simple  Tones  bt  Kesonance. 

(See  pp.  87  and  118.) 

I  HAVE  given  the  theory  of  tubes  and  hollow  spaces  filled  with  air,  so 
far  as  it  can  be  at  present  mathematically  expressed,  in  my  paper,  entitled : 
*  The  Theory  of  Aerial  Vibrations  in  Tubes  with  open  Ends*  (Theorie  der 
Luflschwingungen  in  Rohren  mil  offenen  Enden\  in  Crelle's  '  Journal 
fur  Mathematik,'  vol.  Ivii.  A  comparison  of  the  upper  partial  tones 
of  tuning-forks  and  the  corresponding  resonance  tubes,  will  be  found  in 
my  paper :  *  On  Combinational  Tones '  ( Ueher  CambincUionstdne)^  in 
PoggendorflTs  *  Annalen,*  vol.  zcix.  pp.  509  and  510. 

I  add  here  the  dimensions  of  the  resonance  tubes  mentioned  on  p.  87, 
which  were  made  for  me  by  Herr  Fessel,  in  Cologne,  in  connection  with 
the  tuning-forks  kept  in  motion  by  electricity  as  described  in  Appendix 
VIII.  These  were  cylindrical  tubes  of  pasteboard,  with  terminal  surfaces 
of  tin  plate,  one  entirely  closed,  the  other  provided  with  a  circular  opening. 
These  tubes  therefore  had  only  one  opening,  not  two  like  the  resonators 
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which  were  intended  for  ioBertion  in  the  ear.  A  reeonanoe  tube  of  thia 
kind  can  have  ita  tone  flattened  bj  diminiahing  ite  opening.  To  sharpen 
the  tone,  when  neceaaar^,  I  threw  in  a  little  wax,  and  placed  the  cloBod 
end  of  the  tube  on  a  warm  Rtove  or  hob,  ontil  the  wax  was  melted,  and 
nnifornily  diatributed  over  the  BuHace.  It  waa  then  allowed  to  cool  in  the 
same  position.  To  try  whether  the  tone  of  a  tube  is  a  little  sharper  or 
flatter  than  that  of  the  fork,  cover  ita  opening  elightlj  while  the  excited 
fork  is  held  before  it  If  the  covering  strengUtens  the  resonance  the  tube 
waa  too  sharp.  But  if  the  resonance  begins  to  decrease  deddedl;  as  soon 
as  any  part  of  the  opening  is  covered,  the  tube  was  too  flat.  The  dimen- 
sions  in  millimetres  [and  inches]  are  as  follows: — 


No.  PlWb 

Length  Dl  Tab! 

m^^ 

or  Tubs 

DtatnetBTOl  Opening.     [ 

1     fib 

*2S     [10-73 

138 

5-43 

31-6        [1-24] 

3    4b 

210 

8-37 

82 

323 

23-6 

■93 

s  /■ 

117 

i-ei 

06 

2-68 

16 

■63 

*    i'b 

83 

3-48 

66 

2-n 

14-3 

66 

S     d" 

68 

a^as 

65 

217 

1* 

-56 

a  r 

63 

209 

44 

T73 

12-6 

■49 

7    fl"b 

60 

1-87 

30 

1-54 

11-3 

■44 

B   b-b 

is: 

39 

1-64 

11-6 

■43 

9     d-" 

35 

I-3S 

30-5 

lao 

103 

-41 

10    f" 

28 

\0-2 

28 

1-03 

8'5 

■34 

The  theory  of  the  sympathetic  resonance  of  strings  is  beat  developed  by 
means  of  the  experiments  mentioned  on  page  88.  Ketaining  the  notations 
of  Appendix  III.  assume  that  the  end  of  the  string  for  which  x^O,  is 
connected  with  the  stem  of  the  tuning-fork,  and  must  move  in  the  aame 
way,  and  that  its  motion  is  given  by  the  equation 


=  A.  sin  r 


for  IE 


(6) 


Suppose  the  other  end  of  the  string  to  rest  on  the  bridge  which  stands 
on  the  sounding  board.     The  following  forces  act  upon  the  bridge : — 

1)  Th^  pressure  of  the  string,  which  will  increase  or  diminit^  accord- 
ing to  the  angle  under  which  the  extremity  of  the  string  is  directed  against 
die  bridge.  The  tangent  of  this  angle  between  the  variable  direction  of 
ths  string  and  its  position  of  rest  is  _^,  and  henca  we  can  put  the  variable 


pressure  of  the  string  : 


=  -  r.  -^ 


for  x=l,  supposing  the  bridge  to  lie  on 


the  side  of  negative  y. 

2)  The  elastic  force  of  the  sounding  board,  which  acts  to  bring  the 
bridge  back  into  its  position  of  rest,  may  be  put  =  —fg. 

3)  The  sounding  board,  which  moves  with  the  bridge,  is  resisted  by 
the  air,  to  which  it  imparCs  some  of  its  motion.     The  resistance  of  the  air 
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may  be  considered  to  be  approximatively  pFoportional  to  the  yelocitj  of 

its  motion,  and  hence  be  put  =  —  ^'  -|l  . 

at 

Then  putting  M  for  the  mass  of  the  bridge,  we  obtain  the  following 

equation  for  the  motion  of  the  bridge,  and  hence  for  the  extremity  of  the 

string  which  rests  upon  it : — 

^•S'=-^-l-^^-^4^«^-=^ («'^) 

For  the  motion  of  the  other  points  in  the  string,  we  have,  as  in  Ap- 
pendix III.,  the  condition 

''•  d?  dx«    ^^^ 

Since  part  of  every  motion  of  the  string  must  be  constantly  given  off 
to  the  air  in  the  resonance  chamber,  the  motion  would  gradually  die  away 
if  it  were  not  kept  up  by  some  continuous  cause.  Hence  we  may  neglect 
the  variable  initial  conditions  of  the  motion,  and  proceed  at  once  to  deter- 
mine the  periodic  motion,  which  finally  remains  constant  under  the  in- 
fiuence  of  the  periodic  agitation  of  the  tuning-fork*  It  is  manifest  that  the 
period  of  the  motion  of  the  string  must  be  the  same  as  the  period  of  the 
motion  of  the  fork.  Hence  the  required  intend  of  (1)  must  be  of  the 
form 

y=2>.  cos  px.  sin  mt-{-E.  coapx,  cos  mt     |  ,„^ 

+F,  sin  px.  sin  mt-^-G,  sin  px,  cos  mt     J 

And  to  satisfy  equation  (I)  we  must  then  have 

nm^=Tp^  (7a) 

From  the  equation  (7)  we  have,  when  a:=0, 

y^-D,  sin  mt-{-  E,  cos  m/, 

and  on  comparing  this  with  equation  (6)  we  find 

Z)=A,  and  ^=0 (8) 

The  two  other  coefficients  of  the  equation  (7),  namely  F  and  G, 
must  be  determined  by  means  of  equation  (6a).  On  substituting 
in  (Ga)  the  values  of  y  firom  (7),  the  equation  (6a)  spHts  into  two,  as  we 
must  put  the  sum  of  tie  terms  multiplied  by  sin  mt  separately  =0,  and 
also  the  sum  of  those  multiplied  by  cos  mt  separately  =0.  These  two 
eijuations  are : 

F.  [(/2-3/i/t«).  sin  pl-k-pT,  cosp/]  -  GmgK  sin/?/ 

=  —  ^.[(y*^  — iVm*).  COS pl-^pT.  mnpl']  i  ^g  v 

Fmg\  sin  y>/+(7.[(/»-ifm2).  sin  pl+pT.  cob  /?/]       ^ ^     ^ 

=  -^Aghn.  cos  pi 
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Assume  for  abbreviation 


pT       _ 


=  tan  h 


Then  the  values  of  F  and  G  will  be  as  follows : 

„_  _A      C.  sin  2(pl-^k)+s/^m\  an  2pl 
2  '  C«.  sin*  (pl+k)+si^mK  ain*  pi 


(8b) 


G=  "A. 


CnigK  sin  k 


(8c) 


C«.  8in»  {pl+k)+ff^m\  an*  pi 

Putting  the  amplitude  of  the  vibration  of  the  extremity  of  the  striDg 
which  rests  upon  the  bridge  =  F,  equation  (7)  becomes 

F*=[F.  Bin  pi  i- A.  COB  pQ^+G^.  tan*  pi, 

and  on  putting  in  this  equation  the  values  of  F  and  0  from  (8c)  we  find 

T7-._, AC,  ein  k ^gv 

VlC^.an* { pl+k)+^m*.  an^pQ ^  ^ 

The  numerator  in  this  expression  is  independent  of  the  length  of  the 

string.  Any  alteration  of  its  length  therefore  affects  the  denominator  only. 

Under  the  radical  sign  is  the  sum  of  two  squares,  which  can  never  =0, 

because  m,  g,  p,  T,  and  hence  k,  can  never  =0.     The  coefficient  of  the 

resistance  of  air,  g^  must  certainly  be  considered  as  infinitesimal.     Hence 

the  denominator  is  a  maximum,  and  Kis  a  minimum,  when  sin  (/>/4-ib)=0, 

or  when 

plszyrr^k (9a) 

where  y  is  any  whole  number.     The  maximum  value  of  F  is 

AC 


r^  = 


M 


g*m 


Hence,  other  circumstances  being  the  same,  this  maximum  value  in- 
creases as  g,  the  co- efficient  of  the  resistance  of  the  air,  decreases,  and  as 
C  increases.  To  ascertain  the  circumstances  on  which  the  magnitude  of 
C  depends,  in  (8b),  which  defines  the  meaning  of  C,  put  for  />*  its  value 

from  (7a),  and  also  put  »*=  ^ ;  this  gives 

C«= J/« .  (n«  -  m«)«  4-  Tfim*. 

Now  n  is  the  number  of  vibrations  which  the  bridge  would  perform  in 
2fr  seconds,  imder  the  influence  of  the  elastic  sounding  board  alone,  with- 
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oat  the  string  and  the  resistance  of  the  air ;  and  m  is  the  same  nuocber  of 
yibrations  for  the  tuning-fork.  Hence  the  maximum  value  of  V  can  now 
be  written 

in  which  everything  is  reduced  to  the  weights  M^T^fi  and  the  magnitude 

of  the  interval  1—  —  •      If  w>n,  which  is  usually  the  case,  it  is  advan- 

m 

tageous  to  make  ihe  weight  of  the  bridge  Jlf ,  rather  large.     Hence  I  have 

had  it  constructed  of  a  plate  of  copper.     If  Jf  is  very  large,  k  will  be  very 

small  in  consequence  of  (8b),  and  then  the  equation  (9a)  shows  that  the 

various  tones  of  greatest  resonance  approach  very  nearly  to  those  which 

correspond  with  the  series  of  simple  whole  numbers.     The  heavier  the 

bridge,  the  sharper  the  boundaries  of  the  tones  of  the  string. 

The  rules  here  given  for  the  influence  of  the  bridge  hold  only  for  the 

assumption  that  the  string  is  excited  by  a  tuning-fork,  and  not,  so  &r  as 

this  investigation  extends,  for  other  cases. 


APPENDIX  V. 

On  the  Vibrational  Forms  of  Pianoforte  Strings. 

(See  pp.  121-128.) 

When  a  stretched  string  is  struck  by  a  perfectly  hard  and  narrow-edged 
metal  wedge,  which  is  immediately  withdrawn,  the  blow  conveys  a  certain 
velocity  to  the  point  struck,  while  the  rest  of  the  string  receives  no  motion. 
Let  the  moment  of  impact  correspond  to  t=:0;  the  motion  of  the  string 
can  then  be  determined  on  the  condition  that  at  that  moment  the  string  as 
a  whole  was  in  its  position  of  equilibrium,  and  that  it  was  only  the  point 
struck  that  had  any  velocity.      Hence  in  equations  (Ic)  and   (Id)  of 

Appendix  HI.  (p.  582)  put  y=0  and  ^    =0  for  ^=0,  at  all  points  except 

that  which  is  struck,  for  which  suppose  the  co-ordinate  to  be  a. 
Hence  it  follows  that  in  those  equations 

and  the  values  of  B  are  determined  by  an  integration  similar  to  tliat  in 
(2b),  p.  583,  giving 
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2irnmBm  .  /    an*  ^^  •  dap=  /      ^  •  sin    — ^  •  rfx, 

and  immZBm  =c.  sin — j — > 

where  c  is  the  product  of  the  velocity  imparted  to  the  struck  portion  of 
the  string  and  of  its  infinitesimal  length.     Consequently 

= — ;  •  I  sm  -r-  •  Bin  -—  •  sm  2irnt 
vnl     \       I  I 

+  -  .  sm  — —  •  sm-—  •  sm  4imt+^  ,  sm  — --  •  sm— =—  •  sm  6irnf4-&c.  J 
2  11  oil  ) 

and  ^m  =  — J — •  sin — =—..... (10) 

The  mth  partial  tone  of  the  string,  therefore,  disappears  in  this  case 
also  when  it  is  struck  in  a  node  of  this  string.  Also  the  upper  partial 
tones  are  stronger  in  comparison  with  the  prime  tone,  than  when  the  string 
is  plucked,  because  the  value  of  ^m  in  equation  (3),  p.  583,  has  m',  as  a 
divisor,  whereas  the  value  of  j^m  in  (10)  has  only  m  as  a  divisor.  This  is 
immediately  confirmed  by  experiment,  on  striking  the  strings  with  the 
sharp  edge  of  a  metal  ruler. 

For  a  pianoforte,  the  discontinuity  in  the  motion  of  the  string  is 
diminished  by  covering  the  hammer  with  an  elastic  pad.  This  sensibly 
diminishes  the  force  of  the  higher  upper  partials,  because  the  motion  is 
no  longer  conveyed  to  a  single  point,  but  is  imparted  to  a  sensible  length 
of  string,  and  this  too,  not  in  an  indivisible  moment  of  time,  as  would  be 
the  case  for  a  blow  with  a  perfectly  hard  body.  On  the  contrary,  the 
elastic  pad  yields  to  the  blow  at  first,  and  then  recovers  itself,  so  that 
while  the  hammer  is  in  contact  with  the  string,  the  motion  is  capable  of 
extending  over  a  considerable  length.  An  exact  analysis  of  the  motion 
of  a  string  excited  by  the  hammer  of  a  pianoforte  would  be  rather  com- 
plicated. But  observing  that  the  string  moves  but  very  slightly  fix)m  its 
position  of  rest,  and  that  the  elastic  pad  of  the  hammer  is  very  yielding 
and  admits  of  much  compression,  we  may  simplify  the  mathematical 
theory,  by  assuming  the  pressure  exerted  by  the  hammer  during  the  blow 
which  it  gives  to  the  string  to  be  as  great  as  it  would  be  if  the  string  were 
a  perfectly  fixed  and  perfectly  unyielding  body.  We  are  then  able  to 
assume  the  pressure  of  the  hammer  to  be 

P-^A  sin  m^, 
for  such  a  time  that  0<t<—-      This  last  magnitude  -   is  the   lenirth  of 
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time  during  which  the  hammer  is  in  contact  with  the  string.  The  magni- 
tude of  m  increases  therefore  as  the  elastic  power  of  the  hammer  increases 
and  its  weight  decreases. 

We  have  first  to  determine  the  motion  of  the  string  during  the  interval 

of  time  that  the  hammer  is  in  contact  with  it,  that  is,  finom  t^O  to  ts  _. 

m 

During  this  time,  the  hammer  divides  the  string  into  two  sections,  and 

the  motion  of  each  section  has  to  be  separately  determined.     At  the  place 

of  impact  let  x  be  written  Xq,   When  xKXq,  distinguish  the  values  of  y  by 

writing  them  y^  and  when  a:>Xo,  by  writing  them  y*.     At  the  point 

struck  the  pressure  of  the  string  against  the  hammer  must  be  equal  to  the 

pressure  P,  which  the  hammer  exerts  against  the  string.     The  pressure  of 

the  string  is  to  be  calculated  as  in  Appendix  IV.,  equation  (6a)  (p.  587), 

and  we  consequently  obtain  the  equation 

P=A.dnmt=T.(^^-^')    (11) 

\dx      ax  J 

Waves  proceed  towards  both  ends  of  the  string  from  the  place  struck. 
Hence  yi  must  have  the  form 

y,=^  (a:— a?o  +  aO 

for  values  of  t,  for  which  0<f  <  -  ,  and  a-Q>a?>Xo— a^,  and  y^  must  have 
the  form  ^ 

y>=0  (xq^x+cU) 

for  the  same  values  of  t,  and  for  values  of  x  for  which  Xq  <a:  ^  Xq  +  at.  Using 
^'  for  the  differential  co-efficient  of  the  function  ^,  equation  (11)  gives 

P=il.  sin  m/=2r.  ^' (aO (11a) 

Integrating  with  respect  to  t  we  find 

C •  cos  mt=  —  •  6  (ai\ 

m  a 

and  then,  determining  the  constant  C,  so  that  yi=0  when  x=:xQ  +  ai,  and 
yi:=0  when  a?=XQ— ai,  we  have 

This  determines  the  motion   of  the   string   for    the   time   /,   when 
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0<<<  — ,  and  on  the  supposition  that  the  two  waves  proceeding  from  the 
m 

place  of  impact  have  not  reached  the  ends  of  the  string.     If  the  latter  had 

been  the  case,  they  would  have  been  reflected  there. 

When  at  has  become  greater  than  — ,  the  pressure  F  will  be=0,  and 

m 

hence  it  follows  from  equation  (Ha)  that  from  thenceforward 

A^  (at)=0,  and  hence  6= constant,  when  at>— • 

m 

aA 
Hence  both  yj  and  y^  remain^  —=^  for  all  those  parts  of  the  string  over 

mT 

which  the   waves  have  already  advanced,  until  portions  of.  the  waves 

reflected  from  the  extremities  reach  those  parts  of  the  string  on  their 

return. 

To  introduce  the  influence  of  the  extremities  of  the  string  properly 
into  calculation,  suppose  another  string  to  be  infinitely  long,  and  that  in 
all  points  distant  from  Xq  by  multiples  of  2/,  similar  blows  are  given  to  it, 
so  that  from  all  these  places  waves  proceed  similar  to  those  which  pro- 
ceed from  Xq.  Moreover  suppose  that  in  all  those  places  for  which 
07= — a;Q+2i7,  a  blow  be  applied  equal  to  that  given  to  Xq  and  at  the  same 
time,  but  in  the  opposite  direction,  so  that  from  all  these  latter  points 
waves  will  proceed  of  an  identical  form,  but  with  a  negative  height. 
Those  points  of  the  infinite  string  which  correspond  with  the  extremities 
of  the  finite  string  will  then  be  agitated  by  positive  and  negative  waves  of 
equal  magnitude  at  the  same  time,  and  will  hence  be  completely  at  rest, 
and  consequently  all  the  conditions  of  the  real  finite  string  will  be  fulfilled 
by  the  state  of  this  section  of  the  infinite  string. 

From  the  moment  that  the  hammer  quits  the  string,  the  motion  of  the 
string  may  be  regarded  as  two  systems  of  waves,  one  advancing  (or  in  the 
direction  of  positive  x),  and  the  other  retreating  (or  in  the  direction  of 
negative  x).  Of  these  systems  of  waves  we  have  as  yet  found  only  certain 
isolated  portions,  namely,  those  which  correspond  to  the  sections  of  the 
string  lying  nearest  the  point  struck.  We  have  now  to  complete  these 
waves  properly  and  obtain  a  connected  advancing  and  retreating  system. 

Advancing  in  the  direction  of  the  positive  x  on  the  string,  we  have 

y=0  until  we  come  to  a  positive  retreating  wave,  and  then  it  rises  to  -^^ 

which  is  its  value  in  the  points  of  positive  impact.     If  we  proceed  beyond 

the  point  of  impact,  and  over  the  wave  thence  proceeding,  we  again  find 

aA 
values  ofywhich=0,and  sink  to  —  — =,  as  soon  as  the  first  negative  retreat- 

mT 

ing  wave  has  been  passed  over.    This  is  the  value  of  y  in  the  first  point  of 

negative  impact.     To  connect  the  positive  and  negative  retreating  waves 
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properly  with  each  other,  we  must  suppose  the  values  of  y,  to  be  increased 
between  every  point  of  positive  impact  and  the  next  following  point  of 

aA 

n^ative  impact,  by  the  magnitude  H ^9  so  that  the  height  of  the  wave 

mi 

retains  this  value,  which  it  had  at  Xq,  until  the  corresponding  negative 
wave  begins.     Here  then  the  height  of  the  wave  becomes  - — =^,— ^i  and 

sinks  to  zero.    Similarly,  suppose  that  —      is  added  to  the  height  of  the 

wave  in  advancing  waves  between  any  point  of  negative  impact  and  the 
next  following  point  of  positive  impact.  The  retreating  waves  will  thus 
be  everywhere  positive,  and  the  advancing  waves  everywhere  negative, 
and  the  waves  at  the  same  time  are  so  constituted  that  their  continued 
motion  will  generate  that  kind  of  motion  which  we  have  found  to  exist  in 
the  string  after  the  hammer  quits  it. 

We  have  now  to  express  this  system  of  waves  as  the  sum  of  simple 
waves.  The  length  of  the  wave  is  2/,  because  the  points  of  simultaneous 
impact  lie  at  intervals  of  2/.    Let  us  take  the  positive  retreating  waves  at 

the  time  <=— ,  then 
m 

1)  ^1=0,    from    «=0    to    x=iXQ 

*  tn 


2),.=^    {l+cos [5  (._.,)]} 


from   rr-j»A to    x  =  Xq 

m 

3)  ?/,=    ^    from    a?=0    to    irs=2/— a^n""  "^ 

niT  m 

4)  ..=4^^.    {l-co,[5(2/-,..-.)]} 

from    ar=2/— aro—         to    .r=2/  — .#•« 

5)  //,=0,    from    rr=2/— To    to    r=2/. 

Hence  if  we  assume 

y,=i4o+^,.coR?^  (a;+c)-|-i42.co8  -'^(x+c)  +  ^3.cos  _I(ar  +  r)4-  &c. 

+5,  .8in!^(x  +  c)  +  Z?,.8in  y  (a:4-c)  +  53.8in^~(a:+c)+  &c.  ...  (12) 

Q  Q 
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weihaniunra 


j     yx.WBL^  (x+0 .  dx^BJ. 


If  W6  pat  CB§^9  ^  B'b  b60(»iessOy  becMiie  jti  hat  the  aune  Talnei 

finr  f!^  +C  and  ^— d  and  the  limita  of  the  integntiofi may  be  aelected  at 
pleaaare  prorided  only  that  their  diffiarenoe  ia  2^    But  on  the  other  hand 

Thia  eqnatioa  girea  the  amplitude  J.  of  the  aeyeral  partial  tonee  of 
the  compound  tone  of  the  atring  which  haa  been  struck.  When  the  point  of 

impact  ia  a  node  of  the  nth  partial,  tiie  fiustor   ain  [JL.x^  will  =0, 

and  hence  all  those  partial  tones  disappear  which  have  a  node  at  the  point 
of  impact.    The  table  on  p.  126  was  calculated  from  thia  equation. 

To  determine  the  complete  motion  of  the  string  we  must  further  sub- 
stitute x+at  for  rr  in  the  equation  (12)  for  y^.  The  corresponding  ex- 
pression for  y^  then  becomea 

IT  2ir 

y=— -4o— ^1  -cos  -(a?+flrf— c)  — ilj.cos  —  («— a/— c)—  &c. 

and  finally 

y=yi  +y*  =2 J 1 .  cos  ^x .  cos  ^(o/ + <?) 

+  2^2 -cos -^a;.co8~(a<c-f-)4-  &c. 

which  completely  solves  the  problem. 

If  m  be  infinite,  that  is,  if  the  hammer  be  perfectly  hard,  the  expres- 
sion for  A^  in  (12a)  becomes  identical  with  that  oiB^  in  equation  (10). 
It  must  be  remembered  that  m  in  (10)  is  identical  with  n  in  (12a),  [and 
that  a  in  (10)  is  then  identical  with  x^  in  (12a),  while  a  in  (12a)  has  a 
different  meaning]. 

If  m  is  not  infinite,  as  n  increases  the  coefilicients  of  A^  decrease  as  <-  , 

n' 

but  if  m  be  infinite  they  decrease  as  * ;   for  plucked  strings  they  decrease 
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as  --.     This  corresponds  to  theorems  developed  by  Stokes  ('  Cambridge 

Transactions,'  voL  viii.  pp.  533  to  584)  concerning  the  effect  of  the  dis- 
continuity of  a  function,  when  developed  in  Fourier^s  series,  upon  the 
magnitude  of  the  terms  with  high  ordinal  numbers.  Thus,  if  y  is  the 
function  to  be  developed  in  a  series 

yssiiQ+Jj .  sin  (fnx-\'Ci)+A^  ,  sin  (2inj;+Cs)4-<&c. 
the  coefficient  of  A^,  when  n  is  very  great, 

1)  is  of  the  order  —  when  y  itself  suddenly  alters ; 

2)  is  of  the  order  -~  when  the  first  differential  coefficient  -^    sud- 

n'  ax 

denly  alters ;  • 

3)  is  of  the  order  —^  when  the  second  differential  coefficient  ~j^' 

suddenly  alters; 

4)  is  at  most  of  the  order  e~"  when  the  function  itself  and  all  its 
differential  coefficients  suddenly  alter.     [See  p.  54,  note.] 

Hence  follow  the  laws  of  musical  tones  so  often  mentioned  in  the  text, 
that  their  upper  partial  tones  generally  increase  in  power,  with  the  greater 
discontinuity  of  the  corresponding  motion  of  the  resonant  body. 

[See  Donkin*s  *  Acountics,*  pp.  1 19-126,  where,  on  p.  1 24,  equation  (14) 
corresponds  to  equation  (12a)  above.] 


APPENDIX  VI. 

Analysis  of  the  Motion  of  Violin  Strings. 

(See  p.  188.) 

Assume  the  lens  of  the  vibration  microscope  to  make  horizontal  vibra- 
tions, then  vibrational  ciures  vrill  be  observed  like  those  represented  in 
fig.  23,  p.  131.  Call  the  vertical  ordinate  y  and  the  horizontal  «;  then 
y  is  directly  proportional  to  the  elongation  of  the  vibrating  point,  and  x  to 
that  of  the  vibrating  lens.  The  latter  performs  a  simple  pendular  vibra- 
tion.    If  the  number  of  its  vibrations  be  n  and  the  time  /,  we  have 

generally  ,      .    ,« 

xm:A  .  sm  (2irn<+c) 

where  A  and  c  are  constant. 

Q  Q  2 
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Now  if  jf  alflo  makes  is  ribntioiifly  x  mnd  jr  are  both  periodic  and  have 
tlie  aame  periodic  time.  Hence  at  the  end  of  each  period  i  and  jr  have 
the  flame  yalaes  aa  before,  and  the  obaenred  point  ia  at  exactly  the  same 
place  as  at  the  beginning  of  the  period.  This  holds  for  every  point  in 
the  cnnre  and  for  ererj  freah  repetition  ci  the  vibratorj  motion,  ao  that 
the  cnnre  appears  stationaiy. 

Suppose  a  vibrational  form  of  the  kind  depicted  in  fig.  5,  p.  30,  fig.  6, 
p.  30,  fig.  8,  p.  32,  ^g.  9,  p.  32,  or  fig.  10,  p.  35,  in  which  the  horizontal 
abscissa  is  directly  proportional  to  the  time,  to  be  wrapped  round  a 
cylinder,  of  which  the  circumference  is  equal  to  a  single  period  of  those 
curves,  so  that  the  time  t  is  now  to  be  measured  along  the  circumference 
of  the  cylinder.  Call  x  the  distance  of  a  point  fh>m  a  plane  drawn  through 
the  axis  of  the  cylinder.     Then  in  (his  case  also 

x=A  .  sin  (2x«/+c), 

where  A  ,nn  c  h  the  value  of  x  for  ^=0,  and  A  is  l^e  radius  of  the 
oylinder.  Hence,  if  the  curve  drawn  upon  the  cylinder  be  viewed  by  an 
eye  at  an  infinite  distance  in  the  line  x^O,  y=0,  the  curve  has  exactly 
the  same  appearance  as  in  the  vibration  microscope. 

If  X  and  jT  have  not  exactly  the  same  period ;  if,  for  example,  tf  makes 
n  vibrations  while  x  makes  n+ An,  where  A'l  is  a  v^  small  number,  the 
expression  for  x  may  be  written 

x^A  .  sin  {2ir»<-f(c-f  2x<An)3. 

In  this  case,  then,  e  which  was  formerly  constant,  increases  slowly. 
But  c  represents  the  angle  between  the  plane  x=0  and  the  point  in  the 
drawing  for  which  t^O,  In  this  case,  then,  the  imaginary  cylinder  round 
which  the  drawing  is  supposed  to  be  wrapped,  revolves  Vlowly. 

Since  a  magnitude  which  is  periodic  after  the  period  ir,  may  be  also 
considered  as  periodic  afler  the  peiiods  2r^  or  3ir,  or  rv,  where  r  is  any 
whole  number,  these  remarks  apply  also  for  the  ease  when  the  period  of  ^ 
is  an  aliquot  part  of  the  period  of  a?,  or  conversely,  or  both  are  aliquot 
parts  of  the  same  third  period,  that  is,  for  the  case  when  the  tones  of  the 
tuning-fork  and  of  the  observed  body  stand  in  some  consonant  ratio; 
the  only  limitation  is  that  the  common  period  of  vibration  must  not 
exceed  the  time  required  for  a  luminous  impression  to  become  extinct 
in  the  eye.    [See  Donkin*s  *  Acoustics,*  pp.  36-44.] 

From  the  observed  curves,  fig.  28  B,  C,  p.  131,  and  fig.  24  A,  B, 
p.  132,  it  follows  that  all  points  of  the  string  ascend  and  descend  alternately, 
that  the  ascent  is  made  with  a  constant  velocity,  and  also  the  descent  with 
a  constant  velocity,  which  is  however  different  from  the  velocity  of  ascent. 
When  the  bow  is  drawn  across  a  node  of  one  of  the  upper  partials  of  the 
string,  the  motion  takes  place  in  all  nodes  of  the  same  tone  precisely  in 
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the  manner  described.  For  other  points  cf  the  string,  little  crumples  are 
perceptible  in  the  vibrational  figure,  but  they  do  not  preyent  ua  from 
clearly  recognising  the  principal  motion. 

Fig.  62. 


If  in  fig.  62  we  reckon  the  time  from  the  abscissa  of  the  point  a,  so 
that  for  a,  t=0,  and  further  for  the  point  /3  put  t=r,  and  for  the  point  y 
put  t:=T,  BO  that  the  last  represents  the  length  of  a  whole  period ;  then 

y=/t+h,  from  t=0  to  tz=zT',  -I 

y=(7  (r-t)+^  from  <=r  to  ^=r,  J ^^ 

whence  for  t=zr,  it  results  that 

fr=g  (T-r). 

Now  suppose  y  to  be  developed  in  one  of  Fourier's  series : 
y=Ai  .sm— 4--42.8in  — +2l, .sm— -&c. 

+  jB,  .cos— +  JB2.COB  — +5,.C0B—   &C. 

then  it  will  follow  by  int^ration  that 

^n'     r      COS«-^.c/i=/       y.COS-^.(/^ 

and  this  gives  the  follo¥ring  values  for  A^^  and  B^^ : 
and  y  may  then  be  written  in  the  form 


598  MOTION  OF  VIOLIN  STRINGS.  Afp.  VI. 

In  equation  (2),y  denotes  merely  the  distance  of  any  determinate  point 
of  the  string  from  its  position  of  rest  If  x  denotes  the  distance  of  this 
point  from  the  beginning  of  the  string,  and  L  the  lengih  of  the  string,  then 
the  general  form  of  y,  as  in  equation  (lb)  of  App.  III.,  p.  582,  is 

nirx     .    2irn 


^r*n^x     f  ri      '    wira?  2irn  A     r\  1 

^=2„=l     |C..8.n_.8in--(*--j| 


+  2„^l    l^-""  Z--~"^('-2)} ^^> 

By  comparing  equations  (2)  and  (3)  we  find  immediately  that  all 
D's  vanish,  or 

2),=s0,  and 

C,.8m^=^J/-.-5.8in   ^   (3a) 

Here  g-^f  and  r  are  independent  of  a*,  but  not  of  n.  On  taking  the 
equations  for  ti=l  and  n=2,  and  dividing  one  by  the  other,  there 
results 

Co  TX        1  TT 

^i.  cos -^=-.00.^ 

L  T 

From  which  it  follows  that  for  a;=  _ ,  r  is  also  =  --,  as  observation 

shews.      But  if  rrs=0,    then    according  to  observations   r  is   al8o=0. 
Hence 


C,=  1.C„     andj=l, (8b) 


BO  that  ^-f/  is  independent  of  x.   Let  v  be  the  amplitude  of  the  vibration 
of  the  point  X  in  the  string,  then 

/r=<7(r-r)=2y, 
^.  ^     2t;  ^    2t;  2vT  2vL^ 


r      T-r     r(r-r)     rar(Z-a;J 
And  since  ^+/  is  independent  of  x,  we  must  have 

where  V  is  the  amplitude  in  the  middle  of  the  string.     From   equation 
(8b)  it  follows  that  the  sections  a/3  and  fty  of  the  vibrational  figure,  fig.  62, 
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p.  597,  mtiAt  be  proportional  to  the  correRponding  parts  of  the  string  on 
both  sides  of  the  observed  point.     Hence  we  have  finally 

SV   <^«n=QO  fl       .    nrx      .    2wn  f.    rW  .^  \ 

y=  ,.  -S^^i  { ;?••"»  -r  •""  -f  K~i) }  •••  ^^^ 

for  the  complete  expression  of  the  motion  of  the  string. 

If  we  put  t—  ^=0,  y  will=0  for  all  values  of  or,  and  hence  all  parts  of 

the  string  pass  through  their  position  of  rest  simultaneouslj.     From  that 
time  the  velocity /of  the  point  x  is 

^      r  LT      ' 

But  this  velocity  lasts  only  from  the  time  r,  where  rs  -=-,    Hence 
after  the  time  tj  and 

Tx  ^V 

as  long  as  t<  — ,   we  have  y=/l=  -^ .  (L— a?)  t  ...     (4) 

and  hence  y<  jj  >x(L^x). 
Then  the  point  x  returns  with  the  velocity 

^""  r-r       LT  ' 
And  hence  after  the  time  t^r+ti, 


And  since 


we  find 


SV      ,r       N      SVx    , 


z-^Izl.z 


»-s{^- ('+'.)} 


=  ^.(^-0  (^)- 

The  deflection  on  one  part  of  the  string  is  therefore  given  by  the 
equation  (4),  and  on  the  other  part  by  the  equation  (4a).  Both  equations 
shew  that  the  form  of  the  string  is  a  straight  line,  which  in  (4)  passes 
through  orasZ,  and  in  (4a)  through  2;=0.     These  are  the  two  extremities 
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APPENDIX  VII. 

Influence  of  Resonance  in  Reed  Pipes. 

(See  p.  152.) 

The  laws  of  resonance  for  cylindrical  tubes  have  been  developed  mathe- 
matically in  m J  paper  on  the  '  Theory  of  Aerial  Vibrations  in  Tubes  with 
open  Ends*  {Theorie  der  Luftschwingungen  in  Bdhren  mil  offtnen  Enden^ 
'  Journal  fUr  reine  und  angewandte  Mathematik,*  vol.  Ivii.)  The  example 
treated  in  §  7  of  that  paper  is  applicable  to  reed  pipes,  where  the  motion  at 
the  bottom  of  the  pipe  is  assimied  to  be  given.  Let  Vdt  be  the  volume 
of  air  which  enters  the  reed  pipe  in  the  infinitesimal  time  dt^  then  as  this 
magnitude  is  periodical  we  can  express  V  in  one  of  Fourier  s  series, 
thus: — 

F=Co+Ci.  cos(2TW/+r,)+Cy  cos(4irnt+r2)+ &c.  ...  (1) 

The  resonance  must  be  determined  separately  for  each  term,  because 
the  vibrations  corresponding  to  each  partial  tone  are  superposed  without 
modification.  If  we  assume  /  to  be  the  length  of  the  tube,  S  its  section, 
/4-a  the  reduced  length  of  the  tube  (where    in  cylindrical  tubes  the 

difference  a  is  equal  to  the  radius  multiplied  by  -j-\  k  the  magnitude  — 

(where  X  is  the  length  of  the  wave),  and  put  the  potential  of  the  wave  in 
free  space,  for  the  tone  having  the  vibrational  number  vn, 

= — !L.  Qo%<ykr'-2irynt-\-c) 

r 

where  r  is  the  distance  firom  the  middle  of  the  mouth ;  then  the  equations 
(15)  and  (12b)  of  the  paper  referred  to,  give 

\f  — 9i 

"  "*  ^(47r«  co8»  rk  {l+a)  +  y^k^S^  sin»  ykl)' 

Since  the  magnitude  k^S  must  always  be  considered  as  very  small  to 
make  our  theory  applicable,  this  equation,  for  cases  in  which  Z  +  a  is  not 
an  imeven  multiple  of  the  length  of  a  quarter  of  a  wave,  becomes  approxi- 
matively, 

"       2t.  cos  yk{l-¥a) 

Hence  the  resonance  is  weakest  when  the  reduced  length  of  the  tube 
is  an  even  multiple  of  the  length  of  a  quarter  of  a  wave,  and  becomes 
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BdroDger  as  it  approaches  an  aneren  multiple  of  thai  length.     When  it  ab- 
solutely reaches  such  a  multiple  the  complete  ibrmiila  gives 

C 

Hence  the  mazimnm  of  resonance  increases  as  the  length  of  the  wave 
of  the  tone  in  question  increases  and  the  transrerse  section  decreases^  The 
smaller  the  tranrerse  section,  the  sharper  is  the  limit  of  the  pitch  of  the 
tone  which  is  strongly  reinforced  by  resonance ;  while  when  the  traDsrerse 
section  is  large,  the  reinforcement  of  resonance  extends  orer  a  much  greater 
length  of  the  scale. 

For  hollow  bodies  of  other  shapes,  with  narrow  months,  omilar  equa- 
tions may  be  obtained  by  means  of  the  propositions  giren  in  §  10  of  the 
paper  cited. 

Since  the  condition  of  powerful  resonance  is  that  cos  vk  (/-f-a):=0, 
cylindrical  tubes  (clarinet)  reinforce  only  the  prime  and  other  imeren 
partial  tones. 

In  the  interior  of  conical  tubes  we  may  assume  the  potential  of  the 
motion  of  the  air  for  the  tube  n  to  be 

F=:—  .  sin  {kr-^-c)  cos  2irn/, 
r 

where  r  is  the  distance  from  the  vertex  of  the  cone.  If  the  tone  is  intro- 
duced at  a  distance  a  from  the  vertex,  and  I  be  the  length  of  the  tube,  so 
that  for  the  open  end  r=/-|-a,  we  may  assume  as  an  approximatively 
correct  limiting  condition  for  the  free  end,  that  the  pressure  there  vanishes. 
This  is  the  case  when 

dV  A 

3-=  —  2 jrn . .  sin  [k(l  +  a)  +  c] .  sin  2mt=0,    and  hence 

at  l-^a 

sin  [^•(/+a)  +  c]=0. 

Hence  we  may  assume 

c=-it(/+a) 

and  V:=  —  .  sin  A;(r— /— a) .  cos  2fmt 

r 

The  most  powerful  resonance,  then,  in  this  case,  as  well  as  in  cylindrical 
tubes,  belongs  to  those  tones  which  have  a  minimum  velocity  at  the  place 
where  the  vibrator  is  placed.  For  as  during  the  development  of  veloci^ 
in  the  mouthpiece  in  equation  (1)  the  coefficients  C^  have  a  determinate 
value  which  depends  only  on  the  motion  of  the  vibrator  and  the  pulses  of 
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air  which  it  occaaons,  the  coefficient  A  of  the  last  equation  must  increase, 
as  the  Telocity  produced  by  the  corresponding  train  of  waves  in  the  mouth- 
piece of  the  tube  decreases.  The  Telocity  in  the  other  parts  of  the  tube 
will  then  increase.    Now  the  velocity  of  a  particle  of  air  is 

-—=-^.008  2rn^.rXT.c06l:(r— /— a)— sin  l<r— /— a)l. 
dr     r^ 

Hence  for  maximum  resonance  we  have  the  condition  that 
for  rssQf  either  Irsstan  k(r^  /—a) 

or  ka^=  ^  tan  kl. 

If,  then,  the  magnitude  a,  that  is,  the  distance  of  the  tongue  from 
the  vertex  of  the  cone,  be  very  small,  ha  and  also  tan  kl  will  be  very 
small,  and  ib/—  vw  must  also  be  very  small,  if  v  is  any  whole  nimiber. 
Hence  we  may  develop  the  tangents  according  to  powers  of  their  arc,  and 
retaining  only  the  first  term  of  this  development  we  have 

ka^syw^kl,    and      Z:(a+0=*^ 
or,  putting      it= —  ,      we  have 

a  +  /=..^. 

This  shews  that  conical  tubes  reinforce  all  those  tones  for  which  the  whole 
length  of  the  cone,  reckoned  up  to  its  imaginary  vertex,  is  a  multiple  of 
half  the  length  of  the  wave,  on  the  assumption  that  the  distance  of  the 
vibrator  from  this  imaginary  vertex  is  infinitemmal  in  comparison  with 
the  length  of  the  wave.  Hence  if  the  prime  of  the  compound  tone  is 
reinforced  by  the  tube,  all  the  partial  tones,  both  odd  and  even,  will  be 
reinforced  up  to  a  pitch  where  the  wave  lengths  of  the  higher  partial  tones 
cease  to  be  very  large  in  comparison  with  the  distance  a. 


604  EXPERIMENTS  OS  THE  Apf.  VUI. 


APPENDIX  Vm. 

Practical  Directions  for  Performing  the  Ezperucents  on  the 

Composition  of  Vowels. 

(See  p.  179.) 

To  make  the  forks  vibrate  powerfullj,  it  is  neoesBaiy  that  the  ratios  of 
their  vibrational  numbers  should  agree  with  the  simple  arithmetical 
ratios  to  the  utmost  nicety.  After  the  forks  have  been  tuned  by  the 
maker  by  ear  and  to  the  piano  as  accurately  as  is  possible  in  this  way,  the 
necessary  greater  exactness  is  obtained  by  the  electrical  current  itself. 
First  the  interrupting  fork,  fig.  33,  p.  178,  is  connected  with  the  fork  that 
gives  the  prime  tone,  and  the  movable  clamp  on  the  former  is  arranged  so 
as  to  make  the  unison  perfect.  This  gives  a  maximum  intensity  to  the 
prime  tone,  easily  recognised  by  both  eye  and  ear.  The  vibrations  of  this 
lowest  fork  are  so  powerful  that  the  excursions  of  the  extremities  of  the 
prongs  imder  favourable  circumstances  amount  to  2  or  3  millimetres  (from 
-08  to  '12  inch).  It  should  also  be  observed  that  if  the  unison  has  not 
been  perfectly  attained,  a  few  beats  of  the  fork  are  heard  when  the 
electric  ciurent  is  first  brought  to  bear  upon  it,  although  these  disappear 
when  the  apparatus  is  in  full  action.  [This  is  accounted  for  in  Appendix 
IX.] 

After  perfect  unison  has  been  accomplished  between  the  interrupting 
fork  and  that  of  the  prime  tone,  the  other  forks  are  successively  brought 
into  electrical  connection,  with  their  resonance  chambers  wide  open,  and 
they  are  timed  until  they  reach  a  maximum  intensity  when  excited  by  the 
current.  The  tuning  is  first  performed  vrith  the  file.  The  forks  are 
sharpened,  as  is  well  known,  by  taking  off  some  of  their  extremities,  and 
flattened  by  reducing  the  thickness  of  the  root  of  the  prongs.  Both  must 
be  done  with  great  uniformity  to  each  prong.  To  discover  whether  the 
fork  is  too  sharp  or  too  fiat,  stick  a  little  piece  of  wax  at  the  ends  of  its 
prongs  (which  flattens  the  fork)  and  observe  whether  the  tone  becomes 
louder  or  weaker.  If  louder,  the  fork  was  too  sharp ;  if  weaker,  it  ¥ras  too 
flat.  Since  alterations  of  temperature,  and,  perhaps,  other  causes  exert  a 
slight  influence  on  the  pitch  of  the  forks,  I  have  preferred  to  make  the 
higher  forks  a  little  too  sharp  by  filing,  and  to  bring  them  into  exact  tune 
by  attaching  small  quantities  of  wax  to  the  extremities  of  the  prongs. 
The  quantity  of  wax  is  easily  altered  at  pleasure,  and  by  this  means  slight 
accidental  variations  of  pitch  can  be  readily  corrected. 

It  is  not  necessary  to  tune  the  resonance  tubes  so  accurately ;  if  when 
blown  across,  they  give  the  same  pitch  as  the  forks,  they  are  sufliciently 
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well  tuned.     If  they  are  too  flat,  some  melted  wax  may  be  poured  in  to 
sharpen  them.     If  they  are  too  sharp,  the  opening  must  be  reduced. 

It  cost  me  some  trouble  to  get  rid  of  the  noise  of  the  spark  at  the  point 
of  interruption.  At  first  I  inserted  a  large  condenser  of  tin  foil  such  as  is 
used  in  induction  machines.  But  this  merely  reduced  the  spark  to  a 
certain  size.  No  good  effect  followed  from  increasing  the  aze  of  the 
condenser.  The  layers  of  the  condenser  are  separated  by  thin  varnished 
paper ;  one  is  connected  with  the  interrupting  fork,  and  the  other  with 
the  cup  of  quicksilver  into  which  its  end  dips.  After  many  vain  attempts, 
I  at  last  found  that,  by  inserting  a  very  long  and  thin  wire  between  the 
two  extremities  of  the  conduction  at  the  point  of  interruption,  the  noise  of 
the  spark  was  almost  entirely  destroyed,  without  injuring  the  action  of  the 
current  on  the  forks.  The  wire  thus  inserted  must  have  an  amount  of 
resistance  &r  greater  than  that  occasioned  by  the  coils  in  all  the  electro- 
magnets taken  together.  When  this  is  the  case  no  sensible  portion  of  the 
current  will  go  through  this  wire.  It  is  not  till  the  conduction  is  broken 
and  the  thin  wire  forms  the  only  connection  for  the  extra  current  of  the 
electro-magnets,  that  the  current  dischaiges  itself  through  the  wire.  But 
to  prevent  the  thin  wire  itself  from  generating  any  secondary  current,  it 
must  not  be  coiled  round  a  cylinder,  but  must  be  stretched  up  and  down 
on  a  board  in  such  a  way  thaJb  two  adjacent  pieces  of  the  wire  should  be 
traversed  by  two  currents  proceeding  in  opposite  directions.  For  this 
purpose  I  screwed  two  hard  india-rubber  combs  at  the  two  ends  of  a  board 
(one  foot  long),  and  passed  a  thin  plated  copper  wire,  such  as  is  used  for 
spinning  over  silken  threads,  backwards  and  forwards  (90  times)  between 
the  teeth  of  these  combs.  By  this  means  a  great  length  (90  feet)  of  this 
wire  was  brought  well  insulated  into  a  comparatively  small  space,  in  such 
a  way  as  not  to  produce  any  sensible  secondary  current.  For  when  on 
breaking  the  primary  current  a  secondary  current  would  be  formed  in  the 
wire,  this  would  have  a  direction  in  the  circuit  formed  by  the  electro- 
magnets and  the  thin  wire,  opposite  to  the  secondary  current  in  the  electro- 
magnets, and  the  latter  would  be  entirely  or  partly  prevented  from  dis- 
charging itself  through  the  thin  wire. 

For  moving  the  forks  I  used  two  or  three  cells  of  a  Grove's  battery. 
The  electro-magnets  were  placed  in  two  rows  beside  one  another.  The 
whole  arrangement  is  shown  in  a  diagram  in  fig.  64,  p.  606.  The  figures 
1  to  8  show  the  resonant  chambers  of  the  tuning-forks ;  the  dotted  lines 
which  lead  to  m,  and  mg  are  the  threads  which  remove  the  cover  from  the 
opening  of  the  resonance  chambers ;  ai  to  aj  are  the  electro-magnets  which 
set  in  motion  the  tuning-forks  between  their  legs ;  b  is  the  interrupting 
fork,  and  f  its  own  electro -magnet.  The  relative  position  of  the  two  last 
has  been  somewhat  changed  in  order  to  make  the  connection  of  the  direc- 
tion of  the  cuiTenta  more  intelligible.     The  cells  of  the  galvanic  battery 


606 

are  marked  e,  and  e,  ;  the  great  renAance-wire  dd ;  tb«  ooodeiiMr  c,  bat 
iu  plates  which  are  rolled  in  a  spiral  are  seen  only  in  section. 

The  electric  corrent  passes  from  e^,  through  all  the  elecbo-magneta  in 
order,  up  to  the  handle  of  the  interraptiiig  fork  g.  It  is  somedmes  mora 
adrantageoOB  to  arrange  this  part  of  the  conduction,  so  that  it  should  be 
separated  into  two  parallel  branches,  and  that  the  three  highest  forks,  which 
are  the  most  diffictilt  to  move  should  be  inserted  into  one  branch,  and  the 
five  lower  forka  into  the  other,  thus  allowing  a  stronger  stream  to  pass 
through  the  former  than  the  latter. 


■r 9^-9^ 


The  remunder  of  the  conduction  from  g  to  the  second  pole  of  the 
battery  Oi  contuns  the  intemipUog  apparatus,  which  is  here  so  arranged 
that  each  vibration  ot  the  fork  makes  the  current  twice;  once  when  the 
upper  prong  dips  into  the  cup  of  mercury  h,  and  once  when  the  lower 
prong  dip»  into  the  cup  i.  When  the  conduction  is  closed  at  h,  it  passes 
from  g  through  the  fork  to  h,  and  then  through  the  elecbv- magnet  f  k 
and  e,.  Between  h  and  k  it  is  generally  necessary  to  insert  a 
branch  h  Ik,  having  moderate  reMsting  power,  to  weaken  the  c 


k  lateral 
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the  electro-magnet  f,  sufficiently  to  prevent  the  fork  b  from  making  violent 
vibrations.     The  zig-zag  at  1  shews  this  branch. 

When  the  prongs  of  the  fork  move  apart,  the  conduction  will  be  broken 
at  h,  and  afier  a  short  interval  again  completed  at  i,  so  that  the  current 
now  passes  from  g  through  the  lower  prong  of  the  fork  to  i,  and  thence 
by  k  to  the  battery  at  Oj.  But  at  the  moment  the  conduction  is  broken 
either  at  h  or  at  i,  powerful  secondary  currents  are  formed  by  induction  in 
the  8  electro-magnets  of  the  tuning-forks,  which  would  emit  luminous  and 
noisy  sparks  at  the  points  of  intorruption,  if  the  rush  of  electricity  were  not 
partly  stored  for  the  moment  in  the  condenser  c,  and  partly  dischaxged 
through  the  very  great  resistance  dd« 

This  resistance  dd,  as  is  seen  by  the  figure,  forms  a  continual  connection 
between  g  and  the  battery,  but  it  conducts  so  badly  that  no  sensible  part 
of  the  current  can  pass  through  it,  except  at  the  moment  when,  on  breaking 
the  conduction,  the  great  electro-motive  force  of  the  secondary  currents 
is  generated. 

The  arrangement  just  described  is  preferable  when  the  fork  1  is 
the  Octave  above  the  fork  b.  But  if  the  fork  1  makes  the  same  number 
of  vibrations  as  the  fork  b,  the  wire  i  k  must  be  removed,  and  both  the 
other  wires  ending  in  i  must  be  connected  with  h. 

To  exclude  particular  forks  from  the  circuit,  short  secondary  connections 
of  the  coils  of  wire  of  their  electro- magnets  are  introduced.  The  arrange- 
ment is  shewn  in  fig.  32,  p.  176.  The  metal  knobs  hh  are  connected 
conductively  with  the  clamping  screw  g  in  which  the  wire  of  the  electro- 
magnet terminates.  If  the  lever  i  is  moved  down,  it  presses  with  some 
friction  on  the  nearer  knob  h,  and  forms  so  good  a  secondary  conducting 
connection  for  the  wire  of  the  electro-magnets,  that  the  greater  part  of  the 
electric  current  passes  by  h  h,  and  only  an  infinitesimally  small  part  travels 
round  by  the  much  longer  path  of  the  electro-magnets. 

As  regards  the  theory  of  the  motion  of  the  forks,  it  is  immediately  seen 
that  the  force  of  the  current  in  the  electro-magnets  must  be  a  function  of 
the  time.  The  length  of  the  period  is  equal  to  the  period  of  a  vibration 
of  the  interrupting  fork  b.  Let  the  number  of  interruptions  in  a  second 
be  n.  Then  the  strength  of  the  current  in  the  electro-magnets,  and 
consequently  the  magnitude  of  the  force  exerted  by  the  electro-magnets 
on  the  forks,  will  be  of  the  form : 

Ao+Ai .  cos  (2T/ii+C|)  +  ^2  .cos  {Axnt+c^) 

+J3.COS  (6irni+c,)  +  &c. 

The  general  term  of  this  series  A^ .  cos.  (2xmrU  +  c^)  is  adapted 
for  setting  in  motion  a  fork  making  m  n  vibrations  in  a  second,  but  would 
have  little  effect  on  forks  otherwise  tuned. 
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APPENDIX  IX. 

On  the  Phases  of  Wates  caused  bt  Resonahck. 

(See  p.  182.) 

Let  a  tuning-fork  be  brought  near  tbe  opening  of  a  resonance  chamber, 
and  suppose  tbe  ear  of  the  listener  to  be  at  a  great  distance  off  in  compa- 
rison with  the  dimensions  of  the  opening.  In  the  Journal  Jur  reitte  und 
angewandte  Mathematik,  vol.  Ivii.,  pp.  1-72,  in  my  paper  on  the  theory 
of  aerial  vibrations  in  tubes  with  open  ends,  I  have  shewn  that  if  a  sonorous 
point  exists  at  jB  in  a  space  partly  bounded  by  firm  walls,  and  partly  un- 
bounded, the  motion  of  sound  at  another  point  A,  in  the  same  space,  will 
be  identical  in  intensity  and  phase  with  that  which  would  have  existed  at 
B\iA  had  been  the  sonorous  point.  Let  ^  be  the  position  of  the  tuning- 
fork  (or  more  properly  of  the  end  of  one  of  its  prongs),  and  A  that  of  the 
ear.  The  motion  of  the  air  which  b^ns  when  the  tuning-fork  is  placed 
near  the  opening  of  the  resonance  chamber,  is  not  easily  determined,  but 
I  have  been  able  (in  pp.  47  and  48  of  the  paper  quoted  above)  to  deter- 
mine the  motion  when  the  tuning-fork  is  at  a  great  distance.  Let  us 
suppose,  then,  that  the  fork  is  removed  to  the  position  of  the  ear  Ay  and 
we  shall  then  have  to  determine  the  motion  of  the  sound  at  the  point  B 
near  the  opening.  This  motion  is  composed  of  two  parts ;  the  first,  having 
its  potential  denoted  by  ^  in  the  paper  cited,  corresponds  with  the  motion 
which  would  also  exist  if  the  opening  to  the  resonance  chamber  were 
closed,  and  in  the  above  case  is  too  small  to  be  sensible  ;  the  second,  there 
marked  ^,  lias,  in  open  space  and  at  some  distance  from  the  opening,  the 
following  value,  using  the  notations  explained  in  the  above  paper  (p.  28, 
equation  12  h), 

<if=  -^^  .co^(kp^2wnt)    (1) 

Zirp 

where  Q  is  the  sectional  area  of  the  resonance  tube,  p  the  distance  finom 

2ir 
the  middle  point  of  the  opening,  n  the  vibrational  number,  — -  the  length 

of  tlic  wave.  The  motion  at  an  infinitesimal  distance  r  from  the  sonorous 
point  A  is  given  by  the  equation, 

4>-,//  CQ«  (2irn<-c)    ^2^ 

and  if  r,  be  die  distance  of  the  imaginary  sonorous  point  A  from  the 
middle  of  the  opening  of  the  resonance  tube,  we  find  from  equations  (16c) 
and  (13a)  of  the  paper  cited : 
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.      /I      ,    X        .                     k^,Q,  Bin  kl,  COS  ka  ,«  , 

—  tan(A:i-, +c)  =  tan.ra=  —  — -^5 ^      ...     (2a) 

^  ^  ^  2t.  COB  k(l-{- a)  ^     ' 

(I  length  of  tube,  and  a  a  constant  depending  on  the  fomi  of  its  opening), 
and  finally  by  the  same  equations,  the  magnitude  there  called  /  is : 

r     ri'  2ilr .  sin  ib/       .    .  ^   it' .  sin  kl 
r,  "-  2ir ,  sin  r^ 

whence  A=  +  n.—    '^—^. (3) 

The  sign  +  is  to  be  so  determined  that  the  constants  A  and  H  have 
the  same  sign,  and  in  that  case  r^  must  lie  between  0  and  ir. 

In  this  case  the  strength  of  the  resonance  A  is  expressed  in  terms  of 
the  intensity  of  the  sonorous  point  ^,  the  section  of  the  resonance  tube  Q, 
the  distance  r|  of  the  sonorous  point  from  the  opening  of  the  tube,  and  the 
magnitude  r^.  The  difference  of  phase  between  the  points  A  and  B  is 
shewn  by  equations  (1),  (2),  and  (2a)  to  be 

T — I:p  +  c=ir— itp  — ifcTj  — Tj. 

'  But  the  magnitude  kp  at  all  such  distances  of  the  point  B  from  the 
middle  of  the  opening  as  we  can  use,  may  be  regarded  as  infinitesimally 
small,  so  that  when  we  weaken  the  tone  by  withdrawing  the  fork  further 
from  the  opening  of  the  tube,  we  do  not  sensibly  change  the  phase  of 
the  aerial  vibration.  But  if  we  change  the  pitch  of  the  tube,  the  ex- 
pression for  the  phase  will  be  altered  only  through  a  change  in  r^,  which  by 
equation  (2a)  depends  on  kl,  and  to  this  change  there  always  corresponds 
a  change  in  the  strength  of  the  resonance,  since  mn  r^  appears  as  a  factor 
in  the  expression  for  that  resonance  in  equation  (3).  The  resonance  is 
strongest  when  sin  r3:=l,  or  r2=:|ir.  Calling  this  maximum  resonance  A ,, 
we  have 

and  for  other  pitches  of  the  tube,  supposing  its  sectional  area  Q  to  remain 

unchanged 

A 
sm  r2=  -J—. 

^\ 

Whether  r2  is  to  be  taken  smaller  or  greater  than  a  right  angle,  depends 

upon  whether  the  value  of  tan  rj  from  equation  (2a)   is  positive  or 

negative.     But  since  k,   Q  and  cos  ka  are  always  positive,  the  value  of 

sin  kl 
tan  r«  depends  on  the  factor  —  -.^ v.      The  maximum  resonance  cor- 

^  cos  X-(f +  a; 

B  R 
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responds  to  cos  ^'(/•fa)=0 ;  the  minimum  to  sin  kl=iO.  Hence  r^  <  ' 
when  by  elongation  of  the  tube  the  reeonance  is  brought  towards  its  mini- 
mum ;   but  ^2  >  -^  when  the  resonance  is  brought  towards  its  Tnayifngm. 

St 

In  actual  application  the  tube  is  always  near  its  position  of  mftximiim 

resonance,  and  hence  rj  <  —  when  the  tube  is  too  flat  in  pitch,  and  rj  >  -^ 

z  it 

when  the  tube  is  too  sharp  in  pitch. 

If  we  put  the  tube  out  of  tune  to  such  an  extent  that  A^^^\ .  J.,',  the 

phase  of  vibration  alters  by  \ir.    Hence  we  are  always  able  to  estimate 

the  amoimt  of  alteration    of  phaae  by  the  alteration   of  strength  of 

resonance. 


A  similar  law  holds  for  the  phases  of  the  vibrating  forks  as  compared 
with  those  of  the  exciting  current.  To  simplify  the  treatment,  I  will 
consider  the  case  of  a  single  vibrating  heavy  point,  which  is  constantly 
restored  to  its  position  of  rest  by  an  elastic  force.  When  the  heavy  point 
is  moved  to  the  distance  x  from  its  position  of  rest,  let  —  a'x  be  the  elastic 
force.  Suppose  moreover  that  there  act,  first  a  periodic  force,  similar  to 
that  generated  by  the  electrical  currents  in  our  experiments,  which  may 
be  represented  by  ^.  sin  nf,  and  secondly  a  force  which  damps  the  vibra- 
tions and  is  proportional  to  the  velocity,  so  that  we  may  write  it  —  ^^  -^' 

A  force  of  the  latter  kind  arises  in  our  experiments  partly  from  frictioa 
and  resistance  of  the  air,  and  also  partly  from  the  currents  induced  by  the 
tuning-forks  set  in  motion,  and  this  latter  part  has  most  effect  in  damping 
the  vibrations.  If  m  is  the  mass  of  the  heavy  vibrating  point,  we  have, 
therefore, 

m.  ^^=:  -a«a;-6«^+i4.sinni (4) 

di^  di  ^  ' 

The  complete  integral  of  this  equation  is 

.     .  *•/ 

A,  sm  c  _. 
X  = 


h^n 


.  sin(n^-£)  +  jB«^2"»  .sin  |— .  \/(a*w-Jft<)4.c|  (4a) 


where  tan  f= +-^ — 5-^ (4b) 

The  term  having  the  coefficient  B  in  (4a)  is  sensible  only  at  the  be- 

ginning  of  the  motion  ;  on  account  of  the  fector  t      2»»    it    decreases  with 
the  increase  of  the  time  /,  and  ultimately  vanishes.       But  its  existence  at 
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the  beginning  of  the  motion  occasions  those   transient  beats  mentioned 
in  App.  VIII.,  p.  604,  when  n  is  slightly  different  from 

—  v/(a«m-iZ»«). 
m 

The  term  with  the  coefficient  A  in  equation  (4a),  on  the  other  hand, 
corresponds  to  the  sustained  vibration  of  the  heavy  point     The  vis  viva  t* 

of  this  motion  is  equal  to  the  maximum  value  of  -^  m.(        )  ,  or  to 


I 


•a— 


mA^.  sin*  £ 


26^ 


(5) 


When  the  pitch  of  the  exciting  tone,  that  is,  n,  can  be  altered,  t*  will 
reach  its  maximum  (which  we  will  call  P),  when 

sin*  €=1,     or     tane=  +  ao, 

.  .  ,.     mA* 

Hence  we  may  also  write 

t»=i*.  sin*  £ (5a) 

The  same  magnitude  £  therefore  determines  in  equation  (4a)  the 
difference  of  the  phases  between  the  periodically  changing  elongations  x  of 
the  heavy  point  and  the  changing  values  of  the  force,  and  in  equation  (5a) 
the  strength  of  the  resonance. 

The  condition  tan  £=  +  oo  is  by  (4b)  fulfilled  when  a'^=smn*. 
Hence  if  iV  be  the  value  of  n  which  answers  to  the  maximum  of  the 
sympathetic  vibration,  we  shall  have 

^=^    (5b) 

m 


This  tone  of  strongest  resonance  is  the  same  as  the  tone  which  the  heavy 
point  would  occasion,  if  it  were  set  in  vibration  solely  by  the  influence  of 
the  elastic  force,  without  friction  and  without  external  excitement.  Some- 
what different  from  this  is  the  proper  tone  of  the  body,  which  it  produces 
under  the  influence  of  friction  and  resistance  of  the  air.  The  pitch  of 
this  proj)er  tone  v  is  given  in  the  second  term  of  the  equation  (4a) 

i'=  I.  ^/(rt«m-4i*). 
m 

Not  until  ^=0,  that  is,  not  until  the  friction  and  resistance  of  the  air 

vanish,  will  >'*=  —  s^iV^. 

m 

K  K  2 
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In  the  table  od  p.  218,  it  is  assumed  that  X=10 1,  and  the  value  of 
T  is  calculated  on  this  assumption,  as  follows,  after  finding  the  value  of  fi. 
In  equation  (6),  sin^  c  is  put  =  ^,  corresponding  with  the  condition  that 
the  strength  of  the  tone  of  the  sTmpatheticallj  resonant  bodj  should  be  -^ 
of  the  maximum  strength  it  can  attain  ;  and  the  ratio  i^  :  n  is  calculated 
from  the  numerical  ratios  corresponding  to  the  intervals  mentioned  in  the 
first  column  of  the  table  on  p.  213. 

Equation  (4b)  in  App.  IX.,  p.  610,  maj  be  written 

h^  _  ft 


tanc^ 


-■  (?-i')  '■  iU) 


In  this  equation  N,  giving  the  pitch  of  strongest  resonance ;  5*,  the 
strength  of  the  friction  ;  and  m,  the  mass  for  various  fibres  of  Corti,  maj 
be  different.  Hence  in  applications  to  the  ear,  we  must  consider  6'  and  m 
to  be  functions  of  N.  Now  since  the  degree  of  roughness  of  the  closer 
dissonant  intervals  remains  tolerably  constant  for  constant  intervals 
throughout  the  scale  [see  the  precise  relations  in  App.  XIX.,  Sec- 
tion H.,  art.   lb],  the  magnitude    represented  by  tan  e  must  assume 

approximatively  the  same  values  for  equal  values  of  — ,    and  hence  the 

n 

magnitude  — ^=  —    must  be  tolerably  independent  of  the  values  of  N. 

No  very  exact  result  can  be  obtained.     Hence  in  the  following  calculations 
ft  is  assumed  to  be  independent  of  N. 


APPENDIX  XL 

Vibration  of  the  Mehbraka  Bastlaris  in  the  Cochlea. 

(See  p.  219.) 

The  mechanical  problem  here  attempted  is  to  examine  whether  a  connected 
membrane  with  properties  similar  to  those  of  the  membrana  basiiaris  in 
the  cochlea,  could  vibrate  as  Herr  Hensen  has  supposed  this  particular  mem- 
brane to  do ;  that  is,  in  such  a  way  that  every  bundle  of  nerves  in  the 
membrane  could  vibrate  sympathetically  with  a  tone  corresponding  to  its 
length  and  tension,  without  being  sensibly  set  in  motion  by  the  adjacent 
fibres.  For  this  investigation  we  may  disregard  the  spiral  expansion  of 
the  basilar  membrane,  and  assume  it  to  be  stretched  between  the  1^  of 
an  angle,  of  the  magnitude  2i|.     Let  the  axis  of  x  bisect  this  angle,  and  the 


614  VIBRATION  OF  THE  App.  XL 

axis  of  y  be  drawn  at  right  angles  to  it  through  the  vertex  of  the  angle. 
Let  the  tension  of  the  membrane  parallel  to  the  axis  of  a?  be  ^P,  and  that 
parallel  to  the  axis  of  ^  be  =  CJy  both  measored  bj  the  forces  which  when 
exerted  on  the  sides  of  a  unit  square,  parallel  to  x  and  y  respectiyelj, 
would  balance  the  tension  of  the  membrane.  Let  fi  be  the  mass  of  this 
unit  square,  t  the  time,  and  x  the  displacement  of  a  point  in  the  membrane 
from  its  position  of  equilibrium.  Moreover  let  iT  be  an  external  force, 
acting  on  the  membrane  in  the  direction  of  positive  z,  and  setting  it  in 
vibration.  The  equation  of  the  motion  of  the  membrane,  deduced  without 
material  difficulty  from  Hamilton's  principle  by  Kirchhoff's  process,  is  then 

^  +  ^-rf^i+Q-^.  =  ''air  (1) 

The  limiting  conditions  are 

1)  that  ^  =  0  along  the  legs  of  the  angle,  that  is,   r  s=  0,   when 

y  =  +  X.  tan  ly. 

2)  that  z  =  0,  when  a;  =  y  =  0,  that  is,  at  the  vertex  of  the  angle, 

and  finally 

3)  that  z  is  finite,  when  x  is  infinite. 

The  further  development  of  the  problem  will  shew  how  these  two  last 
limiting  equations,  which  suffice  for  our  purpose,  may  be  replaced  by 
certain  determinate  curves  acting  as  fixed  boundaries  between  the  legs  of 
the  angle  (p.  620). 

By  putting  x  =  f .  a/P  and  i/  =  v  .  ^^Q,  the  equation  (1)  may  be 
reduced  to  the  better  known  form 

^^d^  +  d.*=^'-dt*-  ^^"^ 

which  is  the  equation  of  motion  for  a  membrane  stretched  uniformly  in  all 
directions,  £  and  v  being  the  rectangular  co-ordinates  on  its  surface. 
For  this  notation  the  limiting  conditions  become 

p 

1)  z  =  0  for  V  =  +  {  .  t/    -  .  tan  ly, 

2)  z  =  0  for  £  =  u  =  0, 

3)  z  finite,  for  £  =  oo  . 

The  transformed  problem  consequently  difFers  from  the  original  merely 
in  having  a  uniformly  stretched  membrane,  and  a  different  amount  of 
angle,  which  we  will  represent  by  2e. 

Since  in  the  applications  which  we  have  to  make  of  the  result,  P  will 
be  vei-y  small  in  comparison  with  Q,  the  angle  c  for  the  trantsformod  mem- 
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brane  will  also  be  very  small,  and  upon  this  circumstance  mainly  depend 
the  analytical  difficulties  of  the  problem. 

After  these  preliminary  remarks,  we  proceed  to  the  analytical  treatment 
of  the  equations  (1)  and  (la)  by  introducing  polar  co-ordinates,  assuming 


a:=:f .  ^P^r  .  ^P  .  cos  ta 
y=u  .  ^Qssr  .  ^Q  .  sin  ta 


]    (lb) 


The  equations  (1)  and  (la)  then  take  the  form 

d^z  ^\      dz   .    I       d^z          d^z      y.  /,  V 

dJ^-^-r'    dF^r^'    di^^f'-d?  "^      <^^> 

The  limiting  conditions  are  now,  that 

p 

1)  r=0,  when  01= +  c,  and  hence  tan  c^^— .  tan  17, 

2)  z=0  for  r=0, 

3)  z  is  finite,  when  r  is  infinite. 

As  regards  the  nature  of  the  force  Z,  we  shall  assume  that  it  consists 

of  two  parts ;  the  Jirst  depending  on  the  friction,  which  we  may  put 

dz 
=  —  F .  —-  ,  where  y  is  a  positive  real  constant ;  the  second^  depending 

dt 
on  a  periodically  variable  pressure  exerted  by  the  surrounding  medium 
on  the  membrane,  uniformly  over  its  whole  surface.     Consequently  we  put 

Z^  —  I' .  —  +-4  .  cos  rU. 

at  ' 

and  obtain  as  the  equation  of  motion 

d^z  ,1     dz  ,1       d}z  d^z,       dz      .  .       ,^. 

d/*       r      dr      r^      a«'     '^    dt^  dt  ^  ^ 

Of  the  various  motions  which  the  membrane  could  execute  under  these 
circumstances,  we  are  interested  solely  in  those  which  are  maintained  by 
the  continuous  periodical  action  of  the  force,  and  which  must  themselves 
have  the  same  period.     Let  us  consequently  assume 

zrrC.**'*^  where  t=:>v/(-l)   (2a) 

and  determine  (  by  the  equation 
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In  this  case  the  real  part  of  the  value  of  z  will  satisfy  equation  (2)  and 
correspond  to  a  uniformly  sustained  oscillation  of  the  membrane. 

Having  thus  eliminated  the  variable  %  from  the  differential  equation, 
we  proceed  to  do  the  same  for  w  by  means  of  the  first  limiting  equation, 
after  transforming  both  f  and  the  constant  A  into  a  series  of  cosines  of 

uneven  multiples  of  the  angle  —  =  hut.    It  is  well  known  that  between 
the  limits  Aw=  +      and  —     , 

41/  1  1  \ 

il=    "    .  ( cos  A«  —  -  .  cos  3Aiif  +  ■  .  cos  5Aw  +  . . .  )      ...  (3) 

If  in  the  same  way  we  put 

f =«j .  J  cos  ^— ^.«3.co6dAii>+     .05  .cos  5A<ti  f  ...  j    ...  (3a) 


then  for  each  coefficient  s^  we  must  have 

+  (,«•- .u.-'^^j-..^-^;^} (3b) 


dr^       r  '    dr 


And  since  the  first  of  our  limiting  conditions  is  satisfied  by  the  equa- 
tion (3a),  whenever  the  series  converges,  there  remain  only  the  conditions 
tliat 

1)  5^=0  for  r=0, 

2)  8^  finite,  for  r=oo . 

It  is  easily  seen  that  every  8^  is  perfectly  determined  by  these  con- 
ditions. For  if  there  were  two  different  functions  which  aatiafied  the 
equation  (3b)  and  the  two  limiting  conditions,  then  their  difference,  which 
we  will  call  ^,  would  satisfy  the  conditions 


rf«a       1      dh 
dr*      r  '  dr 


+  (^,in'-iny-'!^^'y^=0 (3c) 


and  hence  be  a  Bcssel's  function,  and  at  the  same  time  we  should  have 

1)  a=0  for  r=0, 

2)  3  finite  for  r=30 . 

But  these  two  conditions  cannot  be  satisfied  at  the  same  time  by  a  Bessel's 
function,  when  y  has  a  value  differing  ever  so  little  from  0.      It  is  only 
when   1^=0,  that  is,  when  there  is  no  friction,  that  the  determination  is 
insufiicient.     In  that  case  oscillations  once  induced  may  coutinuo  for  ever 
even  when  there  is  no  force  to  give  fresh  impulses. 
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Particular  integrals  of  the  equation  (3b)  may  be  easily  developed  in 
the  form  of  series,  resembling  the  series  for  the  related  Bessers  functions 
which  satisfy  equation  (3c).  One  of  these  series  proceeds  according  to 
powers  of  r  and  is  always  convergent.  But  when  the  angle  e  is  very 
small,  the  number  of  terms  in  this  series  which  are  necessary  to  determine 
8  is  very  large,  and  hence  the  series  cannot  be  used  for  determining  the 
progress  of  the  function.  A  second  series  which  proceeds  according  to 
negative  powers  of  r  and  gives  a  second  particular  int^ral  is  semi-con- 
vergent, and  will  not  become  an  algebraical  function,  tmless  A  is  an  uneven 
number.  But  in  the  latter  case  the  first  mentioned  series  will  be  infinite 
in  its  separate  terms. 

It  is  therefore  preferable  for  our  present  purpose  to  obtain  the  expres- 
sion for  8  in  the  form  of  definite  integrals. 

Let  ^  and  \l/  denote  the  following  pair  of  integrals : — 

—tier,  sin  < 


.  sin  mht .  dt 


/>oo       _wA-l      -  2  '\       uj     , 


J 


W 


where  i:=^/(jin*^in  v) (4a) 

and  the  sign    of  tlie    root  is  so  chosen     that   the    real  part  of  tV  is 
positive. 
Then 

5,„=  — J  .  f  wiA.  i//+7iiA.^.cos^mAx— 1 J   (4b) 

which  is  the  required  expression  for  5„. 

To  shew  that  the  expression  in  (4b)  really  satisfies  the  equation  (3b), 
substitute  this  value  for  8^  in  that  equation,  and  in  differentiating  imder 
the  integral  signs  of  i//  and  ^,  use  partial  integration  to  eliminate  the 

factors  cost  and  iu — J  which  appear  under  the  integral  signs. 

For  r=0  we  find 

*  =     /      sm  mU .  (/t=-\  .  (\  -cos  ^^-?'\ 

^/i       u"*^'         mh 
and  hence  ««,=0. 

For  r=oo  ,  we  have  ^  =  ^^=0,  and  hence 

\A 
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Hence  the  function  «.  satisfies  the  two  limiting  oonditionB,  which 
have  been  ahreadj  shewn  to  be  sofficient  to  detennine  it. 

The  equation  (4b)  may  be  used  to  detennine  the  value  of  8^  when  P, 
the  tension  of  the  membrane  in  the  direction  x^  is  infinit^ainial.  In  this 
case,  as  (lb)  shews,  r  must  be  the  infinite;  as  also  A,  of  which  the  value  is 


Hence  putting 


p  will  be  the  finite,  namely 


2.  ^F.  tan  V 
r=hp 


2x.tan  It 
9= 


X.  VQ 


It  is  easily  seen  that  under  these  circumstances  mh^  will  =0.     For 
we  may  write 

fnk^^     /""^..— ^•log--(^--^)-*|-  (~+i)  .rf. (5) 

where  I  have  put 

and  /  according  to  the  above  supposition  will  be  positive.  Since  within 
the  whole  extent  of  the  integration  u  >  1  and  hence  log  u  >  0,  the  leal 
part  of  the  exponent  will  be  negative  throughout  the  same  extent,  and 
will  contain  the  infinite  &ctor  h.  Consequently  every  part  of  the  int^^al 
vanishes,  and  hence  also  the  whole  value  h^p. 
On  the  other  hand  the  integral  \f/,  or 


/ 


*»    —  (/— iX)  .  hp  .  sin  t 

e  .  sin  mht  •  dt 


will  have  the  real  part  of  the  exponent  negative  and  infinite  for  all  those 
parts  of  the  int^ral  for  which  t  is  not  infinitesimal,  so  that  these  will  all 
=  0 ;  but  this  is  not  die  case  for  those  parts  of  the  integral  for  which  t 
vanishes. 

Hence  for  an  infinite  h  we  may  replace  the  above  equations  for  \f/  by 
the  following : 

/•*  -(i-i\).hpt 

In  this  last  form  the  integration  may  be  effected  and  gives 

f  —  "*  \ 
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and  ««.= 


_         4^p« 


IT.  {m^—pK^) 


or,  by  (4a), 


Or  if,  in  order  to  get  rid  of  the  auxiliary  magnitude  p,  we  represent 
by  ^/3  the  value  of  y  on  the  limits  of  membrane,  we  hare 

•^/3=rr  tan  i|, 
and  hence  p=:      ^ 


IT.  v/Q' 
so  that,  using  S^  for  the  modulus  of  8^, 


TT, 


^[('^;«-M«»)»+»».«] (5d) 


This  value  is  therefore  independent  of  the  magnitude  of  the  angle 
through  which  the  membrane  is  stretched.  In  place  of  the  distance  p  or  x 
from  the  vertex,  we  have  t>nly  /3  the  breadth  of  the  membrane  at  the 
point  in  question.  Hence  this  expression  will  still  hold  when  the  angle 
is  =0,  and  the  membrane  vibrates  like  a  string  between  two  parallel  lines, 
thus  forming  m  vibrating  segments  which  are  separated  by  lines  of  nodes 
parallel  to  the  edges. 

The  same  expression  also  results  for  a  string,  if  from  the  first  z  is  re- 
garded in  equation  (1)  as  only  a  function  of  y  in  a  Une,  and  supposed  to 
be  independent  of  x,  but  the  limiting  condition  is  retained  that  when  y 
=  +  /3,  then  ^==0.  Hence  the  motion  of  the  membrane  is  the  same  as 
that  of  a  series  of  juxtaposed  but  unconnected  strings. 

The  value  of  .  S„  in  (5d)  gives  us  the  amplitude  a£  the  correspond- 
ing form  of  vibration  having  the  vibrational  number  -■  ,   and  having  m 

vibrating  transverse  divisions  of  the  membrane.     The  maximum  of  S^ 
will  occur  when 

m«^«Q-/3Vw»=0 (6) 

The  value  of  this  maximum,  which  we  call  £«,  is 

"*     irn  V 
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The  smaller  the  coefficient  of  friction  v,  the  larger  will  be  this  maxi- 
mum  at  the  point  in  question. 

If  we  call  h  the  value  of  p  which  satisfies  the  equation  (6),  we  may 
write  the  equation  (5d)  thus 


s^= 


When  y  is  infinitesimal,  and  the  condition  of  the  maximum  is  not  ful- 
filled in  equation  (6),  the  denominator  of  this  expression  becomes  infinite, 

and  hence  S,^  infinitesimal.     The  amplitude  of  the  vibrations  —  .  S^  will 

m 

become  finite,  for  those  values  of  /3  only  which  are  so  nearly  =5,  that 
&— /3  is  of  the  same  order  as  y.  Under  these  circumstances,  therefore, 
each  simple  tone  sets  in  vibration  onlj  some  narrow  strips  of  the  mem- 
brane in  the  direction  of  x,  of  which  the  first  has  one,  the  second  three, 

the  third  four,  &c.,  vibrating  segments,  and  in  which  -,  that  is  the  length 

m 

of  the  vibrating  segments,  has  always  the  same  value. 

The  greater  the  coefficient  of  friction  v,  the  greater  in  general  will  be 
the  extent  of  the  vibrations  of  every  tone  over  the  membrane. 

The  present  mathematical  analysis  shews  that  every  superinduced  tone 
must  also  excite  all  those  transverse  fibres  of  the  membrane  on  which  it  csn 
exist  as  a  proper  tone  with  the  formation  of  nodes.  Hence  it  would 
follow,  that  if  the  membrane  of  the  labyrinth  were  of  completely  uniform 
structure,  as  the  membrane  here  assumed,  every  excitement  of  a  bundle  of 
transverse  fibres  by  the  respective  fundamental  tone  must  be  accompanied 
by  weaker  excitements  of  the  uneven  harmonic  subtones,  the  intensi^  of 

which  would,  however,  be  multiplied  by  the  &ctoi8  -- ,   — ,  and  generally 

— -.  There  is  nothing  of  the  kind  observable  in  tlie  ear.  But  I  think 
ftir 

that  this  cannot  necessarily  be  urged  as  an  objection  against  the  present 

theory,  because  the  appendages  of  the  basilar  membrane  greatly  impede 

the  formation  of  tones  with  nodes. 


The  solution  can  also  be  extended  without  difficulty  to  the  case  where 
the  membrane  in  the  field  of  {,  v  is  bounded  by  two  circular  arcs,  with 
their  centre  at  the  vertex  of  the  angle.  To  this  case  correspond  as  boun- 
daries in  reality,  that  is,  in  the  field  of  a?,  y,  two  elliptic  circular  arcs, 
which  when  P  vanishes  become  straight  lines.  It  is  only  necessary  to 
add  to  the  value  of  8^  in  (4b),  a  complete  integral  of  the  equation  (3c) 
which  can  be  expressed  by  Bessel's  functions  with  two  arbitrary  constants, 
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and  to  determine  these  constants  in  sach  a  manner  as  to  make  s^ssO  on 
the  limiting  cnryes  selected.  When  v  is  small  this  change  in  the  limits 
has  no  essential  effect  on  the  motion  of  the  membrane,  except  when  the 
maximum  of  vibration  itself  faUs  in  the  neighbourhood  of  the  limiting 
curves. 


APPENDIX  XII. 

TnEORT  OF  Combinational  Tones. 

(See  pp.  229  and  237.) 

It  is  well  known  that  the  principle  of  the  undisturbed  superposition  of 
oscillatory  motions,  holds  only  on  the  supposition  that  the  motions  are 
small, — so  small,  indeed,  that  the  moving  forces  excited  by  the  mutual  dis- 
placements of  the  particles  of  the  oscillating  medium  should  be  sensibly 
proportional  to  these  displacements.  Now  it  may  be  shewn  that  combina- 
tional tones  must  arise  whenever  the  vibrations  are  so  large  that  the  sqtiare 
of  the  displacements  has  a  sensible  influence  on  the  motive  forces.  It  will 
suffice  for  the  present  to  select  as  the  simplest  example,  the  motion  of  a 
single  heavy  point  under  the  influence  of  a  system  of  waves,  and  develop 
the  corresponding  result  The  motions  of  the  air  and  other  elastic  media 
may  be  treated  in  a  perfectly  similar  manner. 

Suppose  that  a  heavy  point  having  the  mass  m  is  able  to  oscillate  in 
the  direction  of  the  axis  of  x.  And  let  the  force  which  restores  it  to  its 
position  of  equilibrium  be 

k^ax-i-bxK 

Suppose  two  systems  of  sonorous  vraves  to  act  upon  it,  with  the  re- 
spective forces 

/.  sin  pty    and    g .  sin  (qt + c) 

then  its  equation  of  motion  is 

— 1»  .  ^— -=aa;  +  fta:*4-/.Bin;jt+<7.sin  (qt+c). 

This  equation  may  be  int^rated  by  a  series,  putting 
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and  then  equating  the  terms  multiplied  by  like  powers  of  €,  separatelj  to 
zero.     This  gives 

1)  aa;|-fm.-»=  -/,  .sin  ;jf-^<7,  .sin  5^+c, 

2)  aJ?2  +  w-^^v  =  "^-^i*' 

3)  ax3+»«.   ,-/-=  — 2ix,x„  andsoon. 

From  the  first  equation  we  obtain 

Xi=-A  .  sin  Ti.  v^-^- +6  j+u.  sin  pi+t;.  sin  (^f  +  c) 

where  t/=  — ^i —    and  t;=  -4? 

mp'— a  mq^—a 

This  is  the  well  known  result  for  infinitesimal  vibrations,  shewing  that 
the  body  which  vibrates  sympathetically  produces  only  its  proper  tone 

^3^ ,  together  with  those  communicated  to  it,  p  and  q.      Since  the  proper 
m 

tone  in  this  case  rapidly  disappears,  we  may  put  -4=0.  And  then  equa- 
tion (2)  gives 

-         -     — -  .  cos  2p  t-  — 5 . cos2(^/  +  c) 

2(4w/>»  — a^  '^         2(4w^*  — a) 

+  -7 \«  —  •  cos  [(0—9)/  + c] ^ rrj .cosun  +  ^V+c). 

The  second  term  of  the  series  for  Xi  [involving  x^"],  contains,  then,  a 
constant,  and  also  the  tones  2/>,  2^,   (/>—?)>  and  CP  +  9)-     If  the  proper 

tone  v/_  of  the  sympathetic  vibrator  is  deeper  than  (p— 9),  as  may  be 

certainly  assumed  in  most  cases  for  the  drumskin  of  the  ear  in  connection 
with  the  auditory  ossicles,  and  if  the  intensities  u  and  v  are  nearly  the 
same,  the  tone  {p^q)  will  have  the  greatest  intensity  among  the  terms 
of  x^ ;  it  corresponds  with  the  well-known  deep  combinational  tone.  The 
tone  (p-\-q)  will  be  much  weaker,  and  the  tones  2p  and  2q  will  be  heard 
with  difficulty  as  weak  harmonic  upper  partial  tones  of  the  generating 
tones. 

The  third  term  x^  of  the  series  for  x  contains  the  tones  Sp,  Sq,  2p  +  g, 
^P'^q,  P  +  2^,  p  — 2^,  p  and  q.  Of  these  2/?  —  ^  or  29'— pisa  com- 
binational tone  of  the  third  order  according  to  Hallstroem's  nomenclature 
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(p.  233).  Similarlj  the  fourth  term  x^  of  the  series  for  x  gives  combina- 
tional tones  of  the  third  order ;  and  so  on. 

If  then  we  assume  that  in  the  vibrations  of  the  tympanic  membrane 
and  its  appendages,  the  square  of  the  displacements  has  an  effect  on  the 
vibrations,  the  preceding  mechanical  developments  give  a  complete  expla- 
nation of  the  origin  of  combinational  tones.  Thus  the  present  new  theory 
explains  the  origin  of  the  tones  (p  +  9),  as  well  as  of  the  tones  (p  — 9),  and 
shews  us,  why  when  the  intensities  u  and  v  of  the  generatinii:  tones  increase, 
the  intensity  of  the  combinational  tones,  which  is  proportional  to  u  v,  in- 
creases in  a  more  rapid  ratio. 

The  previous  assumption  respecting  the  magnitude  of  the  force  called 

into  action,  namely 

kssax-^bx* 

mplies  that  when  x  changes  its  sign,  k  changes  not  merely  its  sign,  but  also 
its  absolute  value.  Hence  this  assumption  can  hold  only  for  an  elastic 
body  which  is  un symmetrically  related  to  positive  and  n^ative  displace- 
ments. It  is  only  in  such  that  tiie  square  of  the  displacement  can  affect 
the  motion,  and  eombinational  tones  of  the  first  order  arise.  Now  among 
the  vibrating  parts  of  the  human  ear,  the  drumskin  is  especially  distin- 
guished by  its  want  of  symmetry,  because  it  is  forcibly  bent  inwards  to  a 
considerable  extent  by  the  handle  of  the  hammer,  and  I  venture  therefore 
to  conjecture  that  this  peculiar  form  of  the  tympanic  membrane  conditions 
the  generation  of  combinational  tones* 


APPENDIX  XIII. 

Description  of  the  Mechanism  employed  for  opening  the  several 
Series  of  Holes  in  the  Polyphonic  Siren. 

(See  p.  243.) 

Fio.  65  (p.  624)  shews  the  vertical  section  of  the  upper  box  of  the  double 
siren,  in  order  to  display  its  internal  construction.  E  is  the  wind  pipe 
which  is  prolonged  into  the  interior  of  the  box,  and  firmly  fixed  in  the 
cross  beam  AA  of  the  support  of  the  apparatus.  The  prolongation  of  the 
wind  pipe  into  the  box  B  has  conical  surfaces  at  its  upper  and  lower  ends, 
on  which  slide  corresponding  hollow  surfaces  in  the  bottom  and  top  sur- 
faces of  the  box,  so  that  this  box  can  revolve  finely  about  the  wind  pipe 
as  an  axis.  At  a  may  be  seen  a  section  of  the  toothed  wheel  fastened  to 
the  cover  of  the  box.     At  ft  is  the  driving  wheel  which  is  turned  by  the 
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APPENDIX  XIV. 

Variation  in  the  Pitch  of  Simple  Tones  that  Beat. 

(See  p.  248.) 

Let  V  be  the  Telocity  of  a  particle,  which  vibrates  under  the  influence  of 
two  tones,  so  that 

v^A  .  sin  m^-f  2?  .  sin  (nt-\-c) 

where  m  dilFers  yeiy  slightly  from  «>  and  A>B.     We  may  then  put 

nt'^c=mt'-[^m'^n)  (— c],  and 
r=  {/1  +  -B  .  cos  [(w— n)  i  — c]}  ,  sin  w/— ^  .  sin  [(wi—n)  f— c]  .  cos  7«/. 

Assume 


ii  +  J?  .  cos 

Xtf^—n)  t  -c' 

=  C7.  C08  f, 

and 

B  ,  sin 

'{in-  n)  t-^c\ 

=  C  sin  f , 

so  that 

t;=?C .  ain  {mt^i). 

in  which  C  and  e  are  functions  of  the  time  t^  which  will  alter  slowly,  if, 
as  we  have  assumed,  m  — n  is  small  in  comparison  with  m. 
The  intensify  of  C^  of  this  oscillation  is  determined  by 

C»=^'4  iAB  .coA  [(w-n)  t-c]  +B«, 

and  it  will  be  a  maximum, 

C»=(^  +  5)»,     when  cos  [(w--n)  «-.©]=  +  !, 

and  a  minimiim, 

C«=(/l -B)\     when  cos  [(w-n)  /-c]=  -  1. 

Tlie  variable  phase  €  of  the  motion  is  determined  by 

A-^-B  .  cos  [ijfi  —  n)  i  — c] 

Art  i4>i?,  this  tangent  never  becomes  infinite^  and  hence  f  reni.iiiis 
included  between  the  limits  -h  ^  r  and  *•!  ir,  to  which  it  alternately 
approaches.  As  long  as  £  increases,  mt^t  increases  more  slowly  than  in(; 
as  long  as  e  diminishes,  nU  —  i  increases  faster  than  mt ;  hence  in  the  lirnt 
case  the  tone  flattens  and  in  the  second  it  sharpens. 

The  vibrational  number  o^  the  variable  tone,  multiplied  by  ^  ?r,  is 
under  these  circumstances  equ^il  to 

_(U__m  A^i-  (;//  +  //)  .  An  ,  cos  {{m-v)  f-c']  +71  2?* 
tit''     A^+         ~  2  .  A/J  Tcii  [(wi-w)  /-c]"+~^«* 


i 
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The  limits  for  the  yibiationa]  number  therefo\'e  correspond 

to  COB  [(m— »)t-c]  becoming  4-1  or  —1, 
and  hence  also  to  a  maximum  or  minimum  strength  of  tone. 

1)  When  the  strength  of  tone  is  a  maximum,  the  yibrational  number 
varies  as 

tnA-\-nB  (m-n)  B  ,  (m—n)  A 

A.B  A+B  ^    A-i^B   • 

2)  When  the  strength  of  tone  is  a  minimum,  the  vibrational  number 
varies  as 

mA — nB  ,  (m — n)  B  ,  (i»— w)  A 

Hence  in  the  first  case,  or  during  the  maximum  strength,  the  pitch  of 
tlie  variable  Ume  lies  between  the  pitches  of  the  two  separate  tones.  But 
during  the  minimum  strength,  if  the  stronger  tone  is  also  the  sharper,  the 
pitch  of  the  variable  tone  is  sharper  than  that  of  either  of  the  single  tones ; 
and  if  the  stronger  tone  is  the  flatter,  the  pitch  of  the  variable  tone  is  flatter 
than  that  of  either  of  the  single  tones. 

These  (liiferences  are  well  heard  with  two  stopped  pipes ;  and  also 
with  two  tuning-forks  when  first  the  higher  and  then  the  lower  is  placed 
nearer  to  the  resonance  chamber. 

[See  Mr.  Scdley  Taylor's  paper  on  this  subject,  *  Philosophical  Maga- 
zine,' July  1872,  pp.  56-64,  where  he  gives  several  figures  illustrating  the 
variability  of  the  pitch,  and  deduces  the  above  results  (I)  and  (2)  from  the 
figures  only.] 


APPENDIX  XV. 

Calculation  of  the  Intensity  of  the  Beats  of  Different  Intervals, 

(See  pp.  283  and  292.) 

We  shall  again  employ  the  formulae  for  sympathetic  vibration  developed 
in  Appendix  IX.,  equations  (4a)  and  (4b),  p.  610,  and  (6)  and  (5a),  p. 
611.  For  the  tone  of  strongest  resonance  in  one  of  Corti's  elementary 
organs,  let  n  be  its  number  of  vibrations  in  2w  seconds,  n^  and  n^  the 
corresponding  vibrational  numbers  for  two  tones  heard,  and  B\  B"  the 
greatest  velocities  of  the  vibrations  which  they  superinduce  in  those  Corti's 
organi\  which  have  the  same  pitch,  and  J?p  B2  the  greatest  velocities  which 
botl)  attain  in  their  representation  of  the  vibrational  number  n.  Then  by 
equation  (5a)  of  Appendix  IX.,  p.  611,  we  have 

Bi=B'  sin  fi,  and  B^^:^B'\  sin  e^ 
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ft               .                              P 
where  w.  tan  *•  = ,    and    t.  tan  £«= » 

fii     n  fto     n 


and  /3  is  a  magnitude  which  may  he  regarded  as  independent  of  n.  Hence 
the  intensity  of  the  vibrations  of  tlie  organ  for  the  vibrational  number  n, 
when  both  tones  n^  and  n.2  affect  it  simultaneously,  fluctuates  between  the 
values 

(J^i  +  ^a)*    and    {B,-B.;f. 

The  difference  of  these  two  magnitudes,  which  measures  the  strength 
of  the  beats,  is 

4  2?,  52=4  B'  B".  sin  t,.  sin  ij (7) 

Hence  for  equal  differences  in  the  amount  of  pitch,  the  strength  of  the 
beats  is  dependent  on  the  product  &  B".  For  the  mth  partial  tone  of  the 
compound  tone  of  a  violin,  we  may,  by  Appendix  VL,  p.  597,  put  5^*= 

—  .- ,  and  hence  if  the  m|th  and  m^th  partial  tone  of  two  compound  tones 

of  a  violin,  beat,  we  may  put  the  intensity  of  their  beats  for  equal  differences 
of  interval  = . 

This  is  the  expression  from  which  the  numbers  in  the  last  column  of 
the  table  on  p.  284  have  been  calculated.  [They  are  therefore  100  times 
the  reciprocals  of  the  products  of  the  two  numbers,  giving  the  ratio  of  the 
vibrational  numbers  in  the  corresponding  line  of  its  third  column.] 

For  the  calculation  of  the  degree  of  roughness  of  the  various  intervals, 

mentioned  in  pp.  292,  293,  and  516-520,  the  following  abbreviations  of 

notation  are  introduced  : 

n,  -|-n2=2  N, 

wj         =A^(l-5). 
n  =iV(I  +  i'). 


So  that 


..=       ^-. 


TT  .  ian  f,= ' :    and    ir  .  ian  ««     ,  ,      . 

1_  l+j'^l— '^ 

l-f^""I+^  1-^     !  +  »' 

Since  powerful   sympathetic  resonance  ensues  only  when  v  and  I  are 
very  small,  we  may  assume  that,  approximatively, 

/««£,=  - — — 1 — — ,    and     tan  €2= 


2?r(i-hay  '     27r(#'  +  c) 

s  9  2 
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Patting  these  values  for  C|  and  e,,  in  equation  (7)  we  have 

4  B,  5.=4  B'  B".  ^^,^^^,  ^^_^^,f  ^[p*+4.*.(..».a)«j  -('"^ 

If  then  we  consider  y,  that  is,  the  pitch  of  the  Corti^s  organ  which 
vibrates  sympathetically,  to  be  variable,  4  Bi  B^  will  reach  its  niaxiiunm 
when  K=:0,  and  hence  n  =  iV=^  (^i  +  ''s))  ^^^  if  we  call  the  value  of  this 
maximum  s  we  have 

«-4  5'  B".  ^    f  ,    , (7b) 

/i*  t  4Tr«  c'  ^      '^ 

In  calculating  the  degree  of  roughness  arising  from  sounding  two  tones 
together  which  differ  from  each  other  by  the  interval  2^,  I  have  thought 
it  sufficient  to  consider  this  maximum  value,  which  exists  in  those  Corti's 
organs  which  are  most  favourably  situated.  Undoubtedly  other  beats  of  ;i 
weaker  kind  will  be  excited  in  the  neighbouring  fibres,  but  their  intensity 
rapidly  diminishes.  It  might  therefore  appear  to  be  a  more  exact  process^ 
to  integrate  the  value  of  4  Bi  B^  in  equation  (7a)  with  respect  to  r,  in 
order  to  obtain  the  sum  of  the  beats  in  all  Corti*s  organs.  This  would 
require  an  at  least  approximate  knowledge  of  the  density  of  Corti's  oigans 
for  different  values  of  r,  that  is,  for  different  parts  of  the  scale,  and  of  that 
we  know  nothing.  In  sensation  the  highest  degree  of  roughness  is  certainly 
more  important  than  the  distribution  of  a  less  degree  of  roughness  over 
many  sensitive  organs.  Hence  I  have  preferred  to  take  only  the  maxi- 
mum of  the  vibrations  from  (7b)  into  actx>unt. 

Finally  we  have  to  consider  that  very  slow  beats  cause  no  rQUghness, 
and  that  when  the  intensity  of  the  beats  remains  unaltered,  and  their 
number  increases,  the  roughness  reaches  a  maximum  and  then  decreases. 
To  express  this,  the  value  of  s  must  be  also  multiplied  by  a  factor,  which 
vanishes  when  the  number  of  beats  is  small,  attains  a  maximum  for  about 
80  beats  in  a  second,  and  then  diminishes,  and  again  vanishes  when  the 
number  of  such  beats  is  infinite.  Suppose  then  that  the  roughness  Tp, 
due  to  the  ;Hh  partial  tone,  is  expressed  by 

_  4  6»  c^  p* 
^^     ((7*+;i».^')'**''' 

The  factor  of  5,  reaches  its  maximum  value  =1,  when  />o=«;  and 
becomes  =0,  when  ?,  that  is,  half  the  interval  between  the  two  tones  in 
the  scale,  is  :=0  or  oo  .  Since  ^  may  be  indifferently  positive  or  negative, 
the  expression  can  only  involve  even  powers  of  I,  The  above  is  the 
simplest  expression  which  satisfies  the  conditions,  but  it  is  of  course  to  a 
cei-tain  extent  arbitrary. 

For  Q  we  must  put  half  the  extent  of  the  interval  which  at  the  pitch 
of  the  lower  beating  tone  causes  30  beats  to  be  made  in  a  second. 
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Since  we  have  taken  d  with  264  vibrations  in  a  second,  as  the  lower 

15 
tone,  0  has  been  put  =        .     Hence  we  have  finally 


And  from  this  formula  I  have  calculated  the  roughness  of  the  intervals, 
shewn  graphically  in  the  diagrams,  fig.  60,  A  and  B^  p.  292,  and  fig.  61, 
p.  520.  The  roughnesses  due  to  the  separate  partial  tones  have  been  drawn 
separately  and  superimposed  on  one  another  in  the  drawing. 

Although  the  theory  leaves  much  to  be  desired  in  the  matter  of 
exactness,  it  at  least  serves  to  shew  that  the  theoretical  view  we  have  pro- 
posed is  really  capable  of  explaining  such  a  distribution  of  dissonances 
and  consonances  as  actually  occurs  in  nature. 

[See  Prof.  Mayer^s  Researches,  App.  XIX.,  Section  H,  art.  (lb)]. 


APPENDIX  XVI. 

On  Beats  of  Co^miNATioKAL  Tones,  and  on  Coicbinational  Tones 

IN  THE  Siren  and  Harmonium. 

(See  pp.  302  and  234  to  237.) 

Let  a,  6,  c,  (f,  «,  /,  ^^  ^  be  whole  numbers.  Let  an  and  in+^  be  the 
vibrational  numbers  of  the  primes  of  two  compound  tones  sounded  simul- 
taneously, where  I  is  supposed  to  be  very  small  in  comparison  with  n,  and 
a  and  6  are  the  smallest  whole  numbers  by  which  the  ratio  a :  h  can  be 
expressed.  The  vibrational  numbera  of  any  pair  of  partial  tones  of  these 
two  compound  tones  vrill  be 

aon  and  hdn-^-d  ^, 
These  will  beat  with  each  other  dl  times  in  a  second,  if 

ac^=J>d    or  -=t-. 
0       c 

And  since  the  ratio  -  is  expressed  in  its  lowest  terms,  the  smallest 

values  of  d  and  c  are 

d=:a    and    c=b 

and  their  other  values  are 

d=iha    and    c^hb.' 
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Now  e  and  d  represent  the  ordinal  nmnbera  of  the  partial  tones  which 
beat  together.  Hence  the  lowest  partials  of  this  kind  will  be  the  bth  par- 
tial of  the  compound  an,  and  the  ath  partial  of  the  compound  bn-^c.  The 
resulting  number  of  beats  is  ac. 

In  the  same  way  the  26th  partial  of  the  first  compound,  and  the  2ath 
of  the  second  give  2a  c  beats,  and  so  on. 

The  first  differential  combinational  tone  of  the  two  partials  acn  and 
bdn^dh  are 

where  the  +  or  —  sign  has  to  be  taken  so  that  the  whole  expression  is 
positive. 

Two  other  partials  fan  and  gbn-^-go  give  the  dififerential  combina- 
tional tone 

±l{!jb'-af)n+gcli. 

When  both  sound  together  they  produce  {gTd)c  beats,  if 

ftc/-ac=  +  (<7ft— a/) 

or  ,  =  ^  ...x— . 

b       J+c 

As  before,  it  follows  that  the  least  value  of  g^dis  =a,  and  the  other, 
greater,  values  are  =Aa,  so  that  the  smallest  number  of  beats  is  a^. 

To  find  the  lowest  values  of  the  partials  which  must  be  present  in  order 
to  beat  with  the  first  differential  tones,  we  will  take  the  lower  signs  for 
c  and  df  and  we  thus  obtain  : 

^=c/=Ja,  or  r7=i(a  +  l),  and  c/=i(a— 1) 
f=c=^b,  or  /=K^  +  1),  and  c=K^-l), 

according  as  a  and  b  are  even  or  odd.  If  b  is  the  larger  number,  ^  or 
i(6+ 1)  is  the  number  of  partials  which  any  compoimd  must  have  in  order 
to  produce  beats  when  the  two  tones  composing  the  interval  are  soimded. 
If  the  combinational  tones  are  neglected,  about  double  the  number,  tliat 
is  b,  are  required. 

When  simple  tones  are  sounded  together,  the  beats  arise  from  the  com- 
binational tones  of  higher  orders.  The  general  expression  for  a  dififeren- 
tial  tone  of  a  higher  order  arising  from  two  tones  with  the  vibrational 
numbers  n  and  m  is  -f  (an  — 6wj),  and  this  tone  is  then  of  the  (a-|-6--l  »th 
order.  Let  the  vibrational  number  of  a  combinational  tone  of  the(c+d—l) 
order  arising  from  the  tones  an  and  (bn  +  B)  be 

±[{bd—ca)  .  n  +  dh}, 

and  of  another  of  the  (Z+^r— l)th  order  be 
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then  both  produce  (g'^d),  ^  beats,  when 

bd—ac=s±(bg—af) 

a       lid 
or  =  X   _. 

The  lowest  number  of  beats  is  therefore  again  a  S,  and  the  lowest  values 
of  c,  d,  /,  g  are  found  as  in  the  former  case,  so  that  the  ordinal  numbers  of 
combinational  tones  need  not  exceed  ^a+6— 2),  if  a  and  h  are  both  odd, 
or  ^(a+^— 1),  if  onlj  one  of  them  is  odd,  the  other  being  even. 

To  what  has  been  said  in  Chap.  YII.,  pp.  234-237,  I  will  add  the 
following  remarks  on  the  origin  of  combinational  tones. 

Combinational  tones  must  always  arise  when  the  displacement  of  the 
vibratiDg  particles  from  their  position  of  rest  is  so  large  that  the  force  of 
restitution  is  no  longer  simply  proportional  to  the  displacement.  The  ma- 
thematical theory  of  this  case  for  a  heavy  vibrating  point  is  given  in 
App.  XII.,  pp.  621  to  623.  The  same  holds  for  aerial  vibrations  of  finite 
magnitude.  The  principles  of  the  theory  are  given  in  my  essay  on  the 
*  Theory  of  Aerial  Vibrations  in  Tubes  witii  Open  Ends,'  in  Crelle's  *  Jour- 
nal fiir  Mathematik,'  voL  Ivii.,  p.  14.  I  will  here  draw  attention  to  a  third 
case,  where  combinational  tones  may  also  arise  from  infinitely  small  vibra- 
tions. This  has  already  been  mentioned  in  pp.  234-7.  It  occurs  with 
sirens  and  harmoniiuns.  We  have  here  two  openings,  periodically  altering 
in  size,  and  with  a  greater  pressure  of  air  on  one  side  than  on  the  other. 
Since  we  are  dealing  only  with  very  small  differences  of  pressure,  we  may 
assume,  that  the  mass  of  the  escaping  air  is  jointly  proportional  to  the  size 
of  the  opening  w,  and  to  the  difference  of  pressure  p,  so  that 

where  c  is  some  constant  If  we  now  assume  for  ta  the  simplest  periodic 
function  which  expresses  an  alternate  shutting  and  opening,  namely 

la^zA  .  (1— sin  2Tn<), 

and  consider  />  to  be  constant,  that  is,  suppose  w  to  be  so  small  and  the 
infiux  of  air  so  copious,  that  the  periodical  loss  through  the  opening  does 
not  essentially  alter  the  pressure,  q  will  be  of  the  form 

5=5.(1 -sin  2irn/) 

where  B=icAp, 

In  this  case  the  rapidity  of  the  motion  of  sound  at  any  place  of  the  space 
filled  with  air,  must  have  a  similar  form,  so  that  only  a  tone  with  the  vibra- 
tional  number  n  can  arise.     But  if  there  is  a  second  greater  opening  of 
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variable  size,  through  which  there  is  Bufficient  escape  of  air  to  render  the 
presmire  p  periodically  variable,  instead  of  being  constant,  as  the  air  passes 
out  through  the  other  opening,  that  is,  i£p  is  of  the  form 

|>  =  P  .  (1  — sin  2irmt), 

then  q  will  have  the  form 

q==cAP .  (1— sin  2irnt)  .  (1— sin  2irmt) 
=RcAP,  [I^8in2?rnt— sin2rmt— ^  cos  2ir(m  +  n)< 

+ico8  2ir(m— n)f]. 

IlencO)  in  addition  to  the  two  primaiy  tones  n  and  m,  there  will  be  also 
the  tones  m-^n  axti  m—ftj  that  is,  the  two  combinational  tones  of  the 
first  order. 

in  reality  the  equations  will  always  be  much  more  complicated  than 
those  here  selected  for  shewing  the  process  in  its  simplest  form.  The 
tone  n  will  influence  the  pressure  /?,  as  well  as  the  tone  m ;  even  the  com- 
binatinal  tones  will  alter  p ;  and  finally  the  magnitude  of  the  opening  may 
not  be  expressible  by  such  a  simple  periodic  function  as  we  have  selected 
for  bt.  This  will  occasion  not  merely  the  tones  m,  n,  and  m  +  n,  m—n,  to 
be  produced,  but  also  their  upper  partials,  and  the  combinational  tones 
of  those  upper  partials,  as  may  really  be  observed  in  experiments.  The 
complete  theory  of  such  a  ca^e  becomes  extraordinarily  complicated,  and 
hence  the  above  account  of  a  very  simple  case  may  suffice  to  shew  the 
nature  of  the  process. 

I  will  mention  another  experiment  which  may  be  similarly  explained. 
Tlie  lower  box  of  my  double  siren  vibrates  strongly  in  sympathy  with  the 
fork  a'  when  held  before  its  lower  opening,  When  the  holes  are  all  covered, 
but  not  when  the  holes  are  open.  On  putting  the  disc  of  the  siren  in  rota- 
tion so  that  the  holes  are  alternately  open  and  covered,  the  resonance  of  the 
tuning-fork  varies  periodically.  If  n  is  the  vibrational  number  of  the 
fork,  and  m  the  number  of  times  that  a  single  hole  in  the  box  is  opened, 
the  strength  of  the  resonance  will  be  a  periodic  function  of  the  time,  and 
consequently  in  its  simplest  case  equal  to  1  — sin  2irmt. 

Hence  the  vibrational  motion  of  the  air  will  be  of  the  form 

(1— sin  2irmt) .  sin  2Tn^=Bin  2irnt-\-^  cos  2?r(m+n)^ 

— ^  cos  27r(m— n)<, 

and  consequently  we  hear  the  tones  m-^-n,  and  m—n  or  n—m.  If  the 
siren  is  rotated  slowly,  m  will  be  very  small,  and  these  tones  being  all 
nearly  the  same,  will  beat.  On  rotating  the  disc  rapidly,  the  ear  di^n- 
guishes  them. 
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Plan  for  Justly  Intoned  Instruments  with  a  Single  Manual. 

(See  p.  497.) 

To  arrange  an  organ  or  harmomum  with  twenty-four  tones  to  the  oc- 
tave in  such  a  way  as  to  play  in  just  intonation  in  all  keys,  the  tones  of 
the  instrument  must  be  separated  into  four  pairs  of  groups,  thus 


la)    / 

0 

ct 

lb)    / 

a 

a 

2  a)     c 

i 

qb 

2  b)     c 

e 

ab 

3  a)    ^ 

i 

«b 

8  b)    ^ 

b 

eb 

4  a)    <i 

fl 

4b 

4b)    i 

ft 

bb 

Each  of  these  groups  must  have  a  separate  wind-conduit  from  the 
bellows,  and  valves  must  be  introduced  in  such  a  way  that  the  wind  may 
be  driven  at  pleasure  either  to  the  right  or  left  group  of  any  horizontal 
series.  This  would  not  be  difficult  on  the  organ.  On  the  harmonimu  the 
digitals  would  have  to  be  placed  in  a  different  order  from  the  tongues,  and 
hence  it  would  be  necessary  to  have  a  more  complicated  arrangement  for 
conducting  to  the  valve  the  effect  of  pressing  do¥m  a  digital,  which 
would  be  similar  to  that  on  the  organ. 

Hence  four  valves  are  to  be  arranged  by  stops  or  pedals  in  a  different 
way  for  every  key.  The  following  is  a  table  of  the  arrangement  of  the 
stops  for  the  four  horizontal  series  of  tlie  tones  named  v — 
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b 
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(Sb) 
(Sb) 

(F) 
(O 
(Q) 
W) 
4 

e 

B*     otCb 
n*  or  Gb 
Ct*  01  Db 
Gt  •  or  Ab 
X>J  •  or  Kb 
4t*OTBb 

The  minor  keys  which  have  their  names  in  parentheses,  namely  Eb , 
l^^i  Fi  Ct  Gj  Qi  ^^®  *  ^^^'^  minor  Seventh,  but  too  high  a  leading  tone. 
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For  the  six  keys  marked  with  *,  the  arraDgement  of  the  stops  is  the  same 
both  for  major  and  minor. ^ 

In  order  to  hare  a  complete  series  of  tonics,  each  with  a  perfect  major 
and  minor  case,  it  would  be  necessary  to  cut  off  ab ,  (b,  ftb ,  /*,  c,  a,  from 
the  other  notes,  and  to  allow  them  to  be  replaced  when  needea  by  ^8 ,  <28 , 
of ,  eS ,  68 ,  and  /8  8 ,  by  means  of  a  fifth  stop.  We  should  thus  have  30 
tones  to  the  octave.  By  drawing  out  this  stop  we  should  have  the  follow- 
ing system  of  keys : — 


Major  Keys 

Series  miu-ked  -with  accented  letters  to  shew 
that  Uiey  are  affocteU  by  the  fifth  stop 

Minor  Keys 

1 

2 
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a' 
b' 
b' 
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a' 
a' 
a' 
1/ 
b' 
b' 
b' 
a' 
a' 
a' 
a' 
b' 
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a' 
a' 
a' 
a' 
b' 
b' 
b' 
b' 
a' 
a' 
a' 
a' 
b' 

b' 
a' 
a' 
a' 
a' 
b' 
b' 
b' 
b' 
a' 
a' 
a' 
a' 

F 
C 
G 
D 
A 
E* 

4t 
01% 

To  have  a  complete  series  of  minor  keys,  28  instead  of  30  tones 
to  the  octave  would  be  enough.  They  would  suffice  for  the  12  minor 
keys  of  4,  K,  J},  ft  or  Gb,  Ql  or  Db,  Qt  or  Ab,  1)1  or  E\>^  B,  JP,  C, 
G  and  X>,  and  for  17  major  keys  from  Cb  major  to  G%  major.* 


I  [It  will  be  observed  that  the  series  in  the  first  idx  lines  is  the  same  as  in  the  six 
last— 7Vo»>/a/<»\] 

*  [The  E  minor  has  the  leading  note,  but  not  the  minor  Seventh.  The  other  minor 
keys  have  both. — Translator,'] 

'  [The  question  of  the  number  of  tones  necessary  for  all  usual  modulations  will  be 
discussed  in  App.  XIX.,  Sections  £  and  F,  and  various  schemes  for  playincr  in  just  or 
practically  just  intonation  will  be  explained  in  Section  G,  where,  under  No.  8  and 
No.  8|  the  present  arrangements  will  be  reconsidered. — Translator,'] 
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Just  Intonation  in  Singing. 

(See  p.  509.) 

Since  the  publication  of  the  first  edition  of  this  book,  I  have  had  an 
opportunity  of  seeing  the  Enharmonic  Organ,  constructed  by  General 
Perronet  T/tompsonf^  which  allows  of  performance  in  21  different  tonics 
harmonically  connected.  This  instrument  is  much  more  complicated  than 
my  harmonium.  It  contains  40  pipes  to  the  octave,  and  has  three  distinct 
manuals,  with,  on  the  whole,  65  digitals  to  the  octave,  an  the  same  note 
has  to  be  sometimes  struck  on  two  or  all  of  the  manuals.  This  instru- 
ment allows  of  the  performance  of  much  more  extensive  harmonies  than 
my  harmonium,  without  requiring  any  enharmonic  interchange.  It  is 
even  po-ssible  to  execute  tolerably  quick  passages  and  ornamentations  upon 
it,  notwithstanding  its  apparently  involved  fingering.  The  organ  was 
erected  in  the  Sunday  School  Chapel,  10  Jewin  Straet,  AlderFgate,  London,' 
and  was  built  by  Messrs.  Robson,  101  St  Martin's  Lane,  London.  It 
contains  only  one  stop  of  the  usual  principal  work,  has  Venetian  shutters 
to  the  swell,  and  is  provided  with  a  peculiar  mechanism  for  correcting  the 
influence  of  temperature  on  the  intonation. 

Mr.  H.  W.  Poole  has  lately  transformed  his  organ  '  so  as  to  get  rid  of 

>  '  On  the  Principles  and  Practice  of  Just  Intonation,  with  a  view  to  the  Alxilition 
of  Temperament,  and  embodying  the  results  of  the  Tonic  8ol-/a  Associations,  as  illus- 
tnitud  on  the  Enharmonic  Organ  ,  .  .  presenting  the  power  of  performing  correctly  in 
21  keys  (with  the  minors  to  the  extent  of  involving  not  more  than  6  flats),  and  a 
correction  for  changes  of  temperature.  .  .  .  Calculated  for  taking  the  place  of  the 
choir  organ  in  a  cathedral,  and  learned  by  the  blind  in  six  lessons.  With  an  Appen- 
dix tr<icing  the  identity  of  design  with  the  Enharmonic  of  the  Ancients/  By  T. 
Perronet  Thompson,  F.R.S.  Ninth  Edition,  1866.  [The  exact  compans  of  thin  organ 
will  be  explained  in  Appendix  XIX.,  Section  F.  General  Thompson  was  bom  at 
Hull,  in  1783,  and  died  at  Blackheath,  6  September  1869.  He  had  been  four  years 
in  the  navy  before  joining  the  army,  and  was  prominent  during  the  Com  Law 
Abolition  agitation.  He  was  many  ypars  editor  of  the  '  Westminster  Review/  and 
WH8  first  returned  to  Parliament  for  Hull  in  ISZfi,— Translator.] 

*  [Shortly  before  his  death  General  Perronet  Thompson  presented  this  organ  to  Mr. 
John  Curwen,  mentioned  in  the  note  to  p.  637.  The  General's  executors  had  it  recon- 
structed in  a  schoohroom  at  PUistow,  Essex,  but  as  that  room  is  now  (1874)  wanted 
for  School  Board  purposes,  the  organ  has  been  again  taken  down,  and  its  present 
destination  is  not  yet  fixed. — Trandaior.] 

»  'Silliman's  American  Journal  of  Science  and  Arts.*  Vol.  xliv.,  July  1867. 
[See  above,  p.  604,  note  1.  It  does  not  appear  from  this  article  in  '  Silliman '  that 
this  new  form  of  organ  has  been  actually  constructed ;  on  the  contrary,  Mr.  Poola 
seems  to  appeal  for  mesns  to  construct  it. — JVandatorJ] 
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stops  for  changing  the  intonation,  and  has  constructed  a  peculiar  arrange- 
meht  of  the  digitals,  which  enables  him  to  play  in  all  keys  with  the  same 
fingering.  His  scale  contains  not  merely  the  just  Fifths  and  Thirds  in  the 
series  of  major  chords,  but  also  the  natural  or  sub-minor  Sevenths  for  the 
tones  of  both  series.  There  are  78  pipes  to  the  octave,  and  F\>  has  been 
identified  with  ^,  &c ,  as  upon  my  harmonium.^ 

Successions  of  chords  on  General  Thompson's  instrument  are  extraor- 
dinarily harmonious,  and,  perhaps,  on  account  of  their  sofler  quality  of 
tone,  even  more  surprising  in  their  agreeable  character  than  on  my 
harmonium.'  I  had  an  opportunity,  at  the  same  time,  of  hearing  a  female 
singer,  who  had  ofVen  sung  to  it,  perform  a  piece  to  the  accompaniment  of 
the  enharmonic  organ,  and  her  singing  gave  me  a  peculiarly  satis&ctoiy 
feeling  of  perfect  certainty  in  intonation,  which  is  usually  absent  when  a 
pianoforte  accompanies.  There  was  also  a  violinist '  present  who  had  not 
been  much  accustomed  to  play  with  the  organ,  and  accompanied  welU 
known  airs  by  ear.  He  hit  off  the  intonation  exactly  as  long  as  the  key 
remained  unchanged,  and  it  was  only  in  some  rapid  modulations  that  he 
was  not  able  to  follow  it  perfectly. 

In  London  I  had  also  an  opportunity  of  comparing  the  intonation  of 
this  instrument  with  the  natural  intonation  of  singers  who  had  learned  to 
sing  without  any  instrumental  accompaniment  at  all,  and  are  accustomed 
to  follow  their  ear  alone.     This  was  the  Society  of  Tonic  Sol-fiiists,  who 

>  [The  precise  compass  of  this  organ  will  be  also  given  in  Appendix  XIX.,  Section 
F,  with  a  short  account  of  the  principles  of  its  scale  and  fingering.  There  are  100, 
not  78,  pipes  to  the  octave. — Translator, "] 

*  ['  On  organs  of  many  stops,  one  or  more  ought  certainly  to  be  tuned  with  mathe- 
matically correct  intonation,  on  account  of  their  wonderful  effect,  to  be  employed  (of 
course  without  using  any  others  at  the  same  time)  as  the  music  of  the  spheres  {aU 
Crtsang  der  Sphdren),  It  is  impossible  to  form  any  notion  of  the  effect  of  a  chord  in 
mathematically  just  intonation,  without  having  heard  it.  I  have  such  a  one  to  com- 
pare with  the  others.  Everyone  who  hears  it  expresses  his  delight  and  surprise  at 
a  correctness  of  intonation  that  it  does  one  good  to  hear  {Jeder^  der  ihn  hart^  apriekt 
sein  frohes  JSrstaunen  Uber  diese  v)ohlthuende  Reinheii  awy — Scheibler,  '  Ueber 
mathematische  Stimmung,  Temperaturen  und  Orgelstimmung  nach  Vibrations- 
Differenzen  oder  Stossen,  1838.*  I  have  given  the  original  words  of  the  last  German 
sentence,  as  it  was  impossible  to  do  justice  to  its  homely  force  in  any  translatioa. 
Everyone  who  has  heard  just  intonation  will  understand  it. — Dranslator.'] 

'  [A  blind  man,  who  had  therefore  no  notes  to  guide  him.  I  had  the  pleasure  of 
taking  Professor  Helmholtc  to  hear  the  organ  on  this  occasion,  and  can  corroborate 
his  statements.  Unfortunately  the  proper  blind  organist  was  not  present.  It  is  to 
this  lady  that  General  Thompson  dedicates  his  little  book,  already  recited,  in  these 
words :  '  To  Miss  E.  S.  Northcote,  Organist  of  St.  Anne  and  St.  Agnee,  St  Martin's- 
le-Grand.  In  commemoration  of  the  talent  by  which,  after  six  lessons,  she  was  able 
to  perform  in  public  on  the  enharmonic  organ  with  40  sounds  to  the  octave ;  thereby 
settling  the  question  of  the  practicability  of  just  intonation  on  keyed  instruments,  and 
realizing  the  visions  of  Guido  and  Mersenne,  and  the  harmonists  of  rliMwi^ral  anti- 
quity.*—  Translator.] 


to  p.  609.  JUST  INTONATION  IN  SINGING.  637 

are  spread  in  great  numbers  (there  were  150,000  in  1862')  oyer  the  large 
cities  of  Bngland,  and  whose  progress  is  of  great  importance  for  the  theory 

*  [It  is  difficult  in  any  way  to  estimate  the  numbers  in  1874.  The  Tonic  S<jl-fa 
College  has  since  been  formed,  to  examine  in  harmony  and  grant  certificates  of  com- 
petency to  teach,  and  holds  public  session  once  or  twice  a  year.  The  School  Board  of 
London  has  approved  of  the  use  of  the  Tonic  Sol-fa  system,  requiring  results  to  be  pro- 
duced equal  to  the  several  grades  represented  by  its  certificates,  and  as  a  consequence 
all  the  teachers  under  its  control,  about  800  in  number,  have  voluntarily  adopted  the 
Tonic  Sol-fa  method.  The  Glasgow,  Paisley,  Aberdeen,  and  other  School  Boards  have 
adopted  similar  arrangements  with  respect  to  this  method.  The  printing  and  publica- 
tion of  works  in  this  notation,  which  are  sold  at  an  extremely  moderate  price,  gives 
employment  to  a  large  office  and  staff  at  Plaistow,  in  Essex,  near  London,  with  three 
steam  presses  (a  fourth  will  soon  be  needed),  conducted  by  the  firm  of  John  Curwen 
and  Sons.  There  is  an  especial  dep6t  for  their  sale  at  the  Tonic  Sol-fa  Agency,  8 
Warwick  Lane,  Paternoster  Kow,  E.C.,  and  Mr.  Curwen  calculates  that  at  the  present 
time  twice  as  much  Tonic  Sol-fa  music  is  printed  by  other  firms  besides  his  own.  In 
lieu  of  *he  foot-note  respecting  the  Tonic  Sol-&  publications,  which  Professor  Helmholtz 
added  to  this  Appendix  (3rd  German  edition,  p.  632),  and  which  is  now  much  out  of 
date,  I  refer,  first,  to  Mr.  Curwen*s  new  edition  (re- written  in  1872)  of  his  'Standard 
Course  of  Lessons  and  Exercises  in  the  Tonic  Sol-fa  Method  of  Teaching  Music '  (founded 
on  Miss  Glover's  'Scheme  for  Rendering  Psalmody  Congregational,  a.d.  1835');  se- 
condly, to  his  '  How  to  Observe — Harmony,'  a  little  work  of  great  practical  value,  which 
uses  the  scientific  construction  of  the  Tonic  Sol-fii  system  to  impart  elementary  but 
strictly  exact  notions  on  harmony :  thirdly,  to  his  elaborate  '  Tract  on  Musical  Statics  ; 
an  Attempt  to  shew  the  Bearing  of  the  most  Recent  Discoveries  in  Acoustics  on  Chords, 
Discords,  Transitions,  Modulations,  and  Tuning,  as  used  by  Modem  Musicians,  being 
Part  A  of  the  Commonplaces  of  Music,  a  Student's  Handbook  originally  prepared  for 
the  first  course  of  Euing  Lectures  in  Anderson's  University,  Glasgow,  Session  1866-7,' 
a  copy  of  which  reached  me  as  this  was  passing  through  the  press,  and  which  is  full 
of  interesting  information,  in  a  form  suitable  for  general  use ;  the  other  parts,  B  to 
M,  contain  constructive  exercises  and  historical  specimens:  and  fourthly,  to  the 
long  list  of  instruction  books,  apparatus,  and  pieces  of  music  given  in  the  Standard 
Course,  containing  already  17  Cantatas  by  Macfarrra,  Baker,  Romberg,  Lahee,  de 
Rille,  Root,  Bradbury,  and  Thomas,  the  oratorios  or  other  sacred  jneces  of  Handel, 
Haydn,  Bach,  Mozart,  Beethoven,  Mendelssohn,  &c.,  all  printed  in  the  Tonic  Sol-fa 
notation.  The  organ  of  the  system  is  '  The  Tonic  Sol-fa  Reporter,'  published  fortnightly 
for  one  penny,  half  consisting  of  intelligence,  and  the  other  half  of  vocal  music. 
The  number  for  October  1, 1874,  which  came  to  hand  as  I  was  revising  this  note,  con- 
tains an  account  of  a  concert  of  8,000  Sol-faists  at  the  Crystal  Palace  on  September  12, 
beginning  with  a  chorale  by  Bach,  and  passing  through  choruses  by  Handel,  to  modem 
part  songs;  between  the  pieces  was  a  '  sight  test,'  a  piece  in  B,  with  '  two  extended 
transitions  to  the  dominant  key,  and  at  the  close  a  sort  of  coda  with  separate  entiy  of 
the  parts.'  This  had  not  been  previously  seen  by  the  singers,  and  '  was  taken  at 
once  to  the  words,  that  is  without  any  sol-faing ;  it  was  read  with  perfect  ease,  and  the 
only  defect  we  noticed  was  a  little  uncertainty  in  the  sopranos.'  Also  referring  to  the 
'  result  of  inquiries  as  to  the  systems  used  by  the  26  schools  honourably  mentioned  for 
their  singing  by  Her  Miyesty's  Inspectors,'  this  '  Reporter '  states  that  six  sent  no 
reply,  1  answered  '  by  the  Hullah  system,'  1  '  not  by  Tonic  Sol-fa,'  2  *  by  ear,'  and  16 
•  use  the  Tonic  Sol-fa  Method,'  adding  that  as  •  several  inspectors  avoid  mentioning 
cases  of  excellence,  the  list  is  only  of  value  as  far  as  it  goes.' — Translator  J] 
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of  music.  The  Tonic  Sol-faists  represent  the  tones  of  the  major  scale  by 
the  syllables  Do,  Re,  Aft,  Fa,  So,  La,  Ti,  Do,  where  Do  is  always  the 
tonic  [yowels  as  in  Italian].  Their  vocal  music  is  not  written  in  ordinary 
musical  notation,  but  is  printed  with  common  types,  the  initial  letters  of 
the  above  words  representing  the  pitch.' 

When  the  tonic  is  changed  in  modulations,  the  notation  is  also  changed. 
The  new  tonic  is  now  called  Do,  and  the  change  is  pointed  out  in  the 
notation  by  giving  two  different  marks  to  the  note  on  which  it  occurs,  one 
belonging  to  the  old,  and  one  to  the  new  key.  This  notation,  therefore, 
gives  the  very  first  place  to  representing  the  relation  of  every  note  to  the 
tonic,  while  the  absolute  pitch  in  which  the  piece  has  to  be  performed  is 
marked  at  the  commencement  only.  Since  the  intervals  of  the  natural 
major  scale  are  transferred  to  each  new  tonic  as  it  arises  in  the  course  of 
modulation,  all  keys  are  performed  without  tempering  the  intervals.  That 
in  the  modulation  from  C  major  to  O  major,  the  Mt  (or  h)  of  the  second 
scale  answers  precisely  to  the  Ti  of  the  first  is  not  indicated  in  the  notation, 
and  is  only  taught  in  the  further  course  of  instruction.  Hence  the  pupil 
has  no  inducement  to  confuse  a  with  n.* 

It  is  impossible  not  to  acknowledge  that  this  method  of  notation  has 
the  great  advantage  to  the  singer  of  giving  prominence  to  what  is  of  the 
greatest  importance  to  him,  namely,  the  relation  of  each  tone  to  the  tonic. 
It  is  only  persons  unusually  gifted,  who  are  able  to  Gx  in  their  mind,  and 
re-discover  absolute  pitches,  when  other  tones  are  sounded  at  the  same 
time.  But  the  ordinary  notation '  gives  directly  nothing  but  absolute 
pitch,  and  that  too  only  for  tempered  intonation.  Anyone  who  has 
frequently  sung  at  sight  is  aware  how  much  easier  it  is  to  do  so  from  a 
pianoforte  vocal  score,  in  which  the  harmony  is  shewn,  than  from  the 
reparate  voice  part.  In  the  first  case  it  is  easy  to  see  whether  the  note  to 
be  sung  is  the  root.  Third,  Fiflh,  or  dissonance  of  the  chord  which  cxxmrs, 
and  it  is  then  comparatively  easy  to  find  one's  way  ;  ^  in  the  second  case 

*  [Great  care  has  also  been  l^estowed  on  the  representation  of  rhythm,  and  exerrises 
in  rhythm  form  an  important  part  of  the  *  Standard  Course '  and  the  practice  of  Tonic 
Su!-fa  teachers. — Tratislatar.] 

*  [In  a  footnote  to  this  passage  Prof.  'Helmholtz  gives  a  list  of  the  Tonic  Sd-fii 
works,  which  is  superseded  hy  the  note  Iliave  inserted  on  the  last  page,  and  at  the  end 
of  it  ho  sflys :]  In  France  singing  is  taught  by  the  GaUn-Paris-Cheve  system,  on  simi- 
lar principles  and  with  a  similar  notation.  [*  M^thode  El^mentaire  de  Masiqne  Foeale, 
par  Mme.  Emile  Cher^  (Nanine  Paris)/  1864  and  1866,  pp.  400,  large  8vo.  The  no-* 
ttitiiin  (Rousseau's  figures  1.  2,  3,  &c,)  and  method  are  totally  distinct  from  thoeeof 
tho  Tonic  Sol-fa,  and  the  two  systems  grew  up  without  knowledge  of  each  other. 
Miss  Olorer  began  181*2,  published  1835.  M.  Galin  published  1818,  died  182S.  Mr. 
Curwen  published  1842.  and  in  1867  adopted  from  Mme.  Chere's  book  M.  Aim^  Puis*s 
•  hinrrue  dee  durt^s/     This  rem-iins  the  only  real  point  of  similarity. — TVanj/oCor.] 

*  [Usually  callt<d  *  the  Staff  Notation*  by  the  Tonic  Sol-£u8ts,  by  way  of  diadBe- 
tion. —  Tran^atorJ] 

*  [.\fter  a  pupil  h  s  thoroufirhly  ac^^uircd  music  on  the  Sol  f a  notatimu  it 
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the  only  resource  of  the  singer  is  to  go  up  and  down  by  intervals  as  well 
as  he  can,  and  trust  to  the  accompanying  instruments  and  the  other 
voices  to  force  his  own  to  the  right  pitch. 

Now  the  instruction  conveyed  to  a  singer  who  is  acquainted  with 
musical  theory  by  an  examination  of  the  pianoforte  vocal  score,  is  conveyed 
by  the  notation  itself  to  the  Tonic  Sol-fidst  as  an  immediate  consequence  of 
the  method  of  teaching.  I  have  convinced  myself  that  by  using  this 
notation,  it  is  much  easier  to  sing  from  the  separate  part  than  in  ordinary 
musical  notation,  and  I  had  an  opportunity  when  in  one  of  the  primary 
schools  in  London,  of  hearing  more  than  forty  children  of  between  eight 
and  twelve  years  of  age,  that  performed  singing  exercises  in  a  manner  that 
astonished  me  ('  mich  in  Erstaunen  setzten  ')  by  the  certainty  with  which 
they  read  the  notes,  and  by  the  accuracy  of  their  intonation.^  Every  year 
the  London  schools  of  Sol-faists  are  accustomed  to  give  a  concert  of  two  to 
three  thousand  children's  voices  in  the  Crystal  Palace  at  Sydenham,  which, 
I  have  been  assured  by  persons  who  understand  music,  makes  the  best 
impression  on  the  audience  by  the  harmoniousness  and  exactness  of  its 
execution.* 

The  Tonic  Sol-faists,  then,  sing  by  natural,  and  not  by  tempered 

part  of  his  duty  to  learn  the  other,  and  a  course  of  instruction  has  been  prepared  for 
tins  purpose  by  Mr.  Curwen,  called  *  The  Staff  Notation,  a  practical  introduction  on 
the  Tonic  Sol-fa,  method  of  teaching  music/  p.  38.  Thb  when  properly  mastered  (a 
comparatively  easy  task)  puts  the  pupil  in  a  condition  to  sing  at  sight  £rom  the  old 
notation  as  readily  as  from  the  new. — Translator,] 

>  [On  April  20, 1864, 1  had  the  pleasure  of  taking  Prof.  Helmholtz  to  hear  the  sing- 
ing of  the  children  in  the  British  and  Foreign  School  here  alluded  to,  which  was 
situate  behind  the  chapel  in  Tottenham  Court  Road.  The  master  of  the  school,  Mr. 
Gardiner,  was  a  very  good  Tonic  Sol-fa  teacher,  but  the  children  were  those  who  ordi- 
narily attended  (about  40  were  then  present)  and  had  received  only  ordinary  instruc- 
tion. After  hearing  them  sing  a  few  tunes  in  parts,  from  the  Tonic  Sol-fii  notation. 
Prof.  Helmholtz  himself  '  pointed '  out  an  air  on  the  '  modulator '  or  scale  drawn  out 
large  on  a  chart,  from  which  the  pupils  learn  to  sing,  (that  is,  by  means  of  a  pointer 
shewed  the  Tonic  Sol-fa  names  of  the  tones  tlie  children  were  to  sing)  and  the  class 
followed  in  unison  at  sight.  Then,  on  the  suggestion  of  Mr.  Gardiner,  the  class  was 
divided  into  two  sections,  and  Prof.  Helmholtz  pointed  a  piece  in  two  parts,  one  with 
each  hand,  while  the  class  took  them  at  sight.  Of  course  the  piece  was  simple,  but 
the  dissonance  of  a  Semitone  was  purposely  introduced  in  one  place  between  the  parts, 
and  Prof.  Helmholtz  was  delighted  at  the  firmness  and  correctness  with  which  the 
children  took  it.  I  recollect  his  saying  to  me  afterwards,  *  We  could  not  do  that  in 
Germany  !*  meaning,  as  he  subsequently  explained,  that  there  was  no  German  system 
of  teaching  to  sing  which  could  produce  such  results  on  such  materials. — Translator.] 

*  [Latterly  two  concerts  yearly  have  been  given,  one  by  young  children  who  have 
gained  the  *  elementary  certificate '  of  proficiency,  and  one  by  older  children,  girls  and 
youths,  who  have  gained  the  *  intermediate  certificate,'  with  older  voices  for  tenors  and 
basses,  and  the  number  of  voices  has  increased  to  four  and  five  thousand.  At  those 
concerts  it  has  frequently  happened  that  a  *  sight  test  *  has  been  given,  one  of  which 
18  described  at  the  end  of  the  note  on  p.  637. — IVanslator.] 
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intervals.  When  their  choirs  are  accompanied  by  a  tempered  organ,  there 
are  marked  differences  and  disturbances,  whereas  they  are  in  perfect  uniRon 
with  General  Thompson's  Enharmonic  Oigan.  Many  expressions  used  are 
very  characteristic.  A  young  girl  had  to  sing  a  solo  in  ^  minor,  and  took 
it  home  to  study  it  at  her  pianoforte.  When  she  returned  she  said  that 
the  Ab  and  2>b  on  her  piano  were  all  wrong.  These  are  the  Third  and 
Sixth  of  the  key  in  which  the  deviation  of  tempered  from  just  intonation 
is  most  marked.  Another  erirl  was  so  charmed  with  the  Enharmonic 
Oi^n  that  she  remained  practising  for  three  hours  in  succession,  declaring 
that  it  was  pleasant  to  be  able  to  play  real  notes.  Generally  in  a  large 
number  of  cases,  young  people  who  have  learned  to  sing  by  the  Sol-fa 
method,  find  out  by  themselves,  without  any  instruction,  how  to  use  the 
complicated  manuals  of  the  Enharmonic  Organ,  and  always  select  the 
proper  intervals. 

Singers  find  that  it  is  easier  to  sing  to  the  accompaniment  of  this  organ, 
and  also  that  they  do  not  hear  the  instrument  while  they  are  singing, 
because  it  is  in  perfect  harmony  with  their  voice  and  makes  no  beats. 

I  have  myself  observed,  that  singers  accustomed  to  a  pianoforte 
accompaniment,  when  they  sang  a  simple  melody  to  my  justly  intoned 
harmonium,  sang  natural  Thirds  and  Sixths,  not  tempered,  nor  yet  Pytha- 
gorean. I  accompanied  the  commencement  of  the  melody,  and  then 
paused  while  the  singer  took  the  Third  or  Sixth  of  the  key.  Afler  he  had 
struck  it,  I  touched  on  the  instrument  the  natural,  or  the  Pythagorean, 
or  the  tempered  interval.  The  first  was  always  in  unison  with  the  singer, 
the  others  gave  shrill  beats. 

Afler  this  experience,  I  think  that  no  doubt  can  remain,  if  ever  any 
doubt  existed,  that  the  intervals  which  have  been  theoretically  determined 
in  the  preceding  pages,  and  there  called  natural,  are  really  natural  for  un- 
coiTupted  ears ;  that  moreover  the  deviations  of  tempered  intonation  are 
really  observed  and  disliked  by  uncorrupted  ears ;  and  lastly  that,  notwith- 
standing the  delicate  distinctions  in  particular  intervals,  correct  singing  by 
natural  intervals  is  much  easier  than  singing  in  tempered  intonation.  The 
complicated  calculation  of  intervals  which  the  natural  scale  necessitates, 
and  which  undoubtedly  much  increases  the  manual  difficulty  of  perform- 
ance on  instruments  with  fixed  tones,  does  not  exist  for  either  singer  or 
violinist,  if  the  latter  only  lets  himself  be  guided  by  his  ear.  For  in  the 
natural  progression  of  coirectly  modulated  music  they  have  always  and 
only  to  proceed  by  the  intervals  of  the  natural  diatonic  scale.  It  is  only 
the  theoretician  who  finds  the  calculation  complicated,  when  at  the  end  of 
numerous  such  progressions  he  sums  up  the  result,  and  compares  it  with 
the  starting  point. 

That  the  natural  system  can  be  carried  out  by  singers,  is  proved  by 
the  English  Tonic  Sol-faists.  That  it  can  also  be  carried  out  on  bowed 
instrument**,  and  is  really  carried  out  by  distinguished  players,  I  have  no 
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doubt  at  all  after  the  experiments  of  Delczcnne  already  mentioned  (p.  506, 
note  2),  and  what  I  myself  heard  when  I  was  listening  to  the  violinist  who 
accompanied  the  enharmonic  organ.  Among  the  other  orchestral  instru- 
ments, the  brass  instruments  naturally  play  in  just  intonation,  and  can 
only  be  forced  to  the  tempered  system  hj  being  blown  out  of  tune.  The 
wooden  instruments  could  have  their  tones  slightly  changed  so  as  to  bring 
them  into  time  with  the  rest  Hence  I  do  not  think  that  the  difficulties 
of  the  natural  system  are  invincible.  On  the  contrary,  I  think  that  many 
of  our  best  musical  performances  owe  their  beauty  to  an  unconscious  in* 
troduction  of  the  natural  system,  and  that  we  should  of tener  enjoy  their 
charms  if  that  system  were  taught  pedagogicaUy,  and  made  the  founda- 
tion of  all  instruction  in  music,  in  place  of  the  tempered  intonation  which 
endeavours  to  prevent  the  human  voice  and  bowed  instruments  from  de- 
veloping their  full  harmoniousness,  for  the  sake  of  not  interfering  with 
the  convenience  of  performers  on  the  pianoforte  and  the  organ. 

[The  remainder  of  this  Appendix,  which  concludes  the  work  in  the  third  edition 
of  the  original  German,  was  occupied  with  a  description  of  my  musical  notation 
(8ee  p.  425,  note),  and  is  therefore  omitted  in  this  translation.  See  Appendix 
XlX.—Trandlaior.] 
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NoncB. — The  greater  part  of  this  Appendix  consists  of  a  re-arrangement  of  four 
papers  read  by  me  before  the  Boyal  Society,  in  1864  and  1874,  namely, '  On  the  Con- 
ditions, Extent,  and  Realisation  of  a  Perfect  Musical  Scale  on  Instruments  with  Fixed 
Tones,*  read  21  Jan.  1864,  printed  at  length  in  'Proceedings,'  vol.  xiii.  p.  93  ;  'On 
the  Physical  Constitution  and  Relations  of  Musical  Chords ; '  and, '  On  the  Tempera- 
ment of  Musical  Instruments  with  Fixed  Tones,'  both  read  on  16  June  1864,  and 
printed  at  length  in  the  '  Proceedings,'  voL  xiii.  p.  392  and  p.  404,  and  lastly,  '  On 
Musical  Duodenes,  or  the  Theory  of  Constructing  Instruments  with  Fixed  Tones  in 
Just  or  Practically  Just  Intonation,'  read  on  19  Nor.  1874,  and  printed  at  length  in 
tlie  *  Proceedings,'  vol.  xxiii.  p.  3.  These  papers  were  suggested  by  the  text  of  the 
preceding  work,  and  are  here  especially  adapted  to  develop  and  systematise  some  of  its 
views,  especially  those  presented  in  Part  III.  For  this  purpose  much  of  the  originals 
has  been  omitted,  and  other  ports  have  been  extended,  and  new  Tables  have  been 
added.  A  condensed  account  of  the  whole  subject  of  Just  and  Tempered  Intonation, 
including  necessarily  the  formation  of  all  varieties  of  harmonisable  scales,  and  their 
relations  during  modulation,  is  thus  conveyed,  and  principles  are  furnished  on  which 
musical  instruments  can  be  constructed  so  as  to  satisfy  the  demands  of  Just  Intonation, 
or  the  better  systems  of  Temperament.  At  the  close  of  section  G  I  have  been  able  to 
describe  Mr.  Bosanquet's  Generalised  Keyboard,  from  information  with  which  he  has 
supplied  me,  and  in  section  H  to  give  an  account  of  some  recimt  important  researches. 
It  will  be  understood  that  Prof.  Helmholtz  is  in  no  way  responsible  for  any  statements 
made  in  this  Appendix  XIX. — Tranafator, 

T  T 
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SECTION  A. 
ON   THE  NOTATION  AND  CALCULATION  OF  FITCH. 

(See  p.  425.) 

1.  Just  Intonation, — The  notatian  is  of  two  kinds,  one  adapted  to  ordi- 
nary, and  one  to  mttsical  typography. 

Ordinary  Typography, — The  Roman  letters  C,  D,  E,  F,  G,  A,  B, 
whether  capital  or  small,  represent  compomid  mnsieal  tones,  and  also  the 
vibrational  numbers  of  their  primes  for  the  major  scale  of  C  in  just  into- 
nation, independently  of  Octave.  They  have,  therefore,  the  values  in 
Table  I.  The  Italic  letters,  capital  and  small,  and  accented,  have  the  rela- 
tive values  assigned  on  p.  25. 

The  signs  S,  *>>  t?  t>  9)  ^)  Y)  Jk)  ^)^)  express  certain  fractional  multi- 
pliers, given  in  Table  I.,  A,  such  that  the  intervals  B  to  F3 ,  Bb  to  F, 
D  to  f  A,  f  D  to  A,  should  be  perfect  Fiflhs ;  that  the  intervals  gG  to  F, 
or  6  to  ^F  should  be  natural  or  sub-minor  sevenths ;  tliat  ^Eb  should  be 
identical  with  D8 ,  and  J^DS  with  Eb  (see  p.  486,  note  2),  and  <rC  to  G, 
or  C  to  «  G  should  be  that  skhistic  Fifth,  or  Fifth  diminished  by  -1^  part 
of  a  comma,  mentioned  on  p.  492,  line  I.  The  values  and  names  of  these 
fractions  are  given  in  Table  I.,  A. 

By  the  use  of  these  fractions  the  exact  vibrational  number  of  the 
prime  of  any  compound  musical  tone  in  just  intonation  obtained  by  suc- 
cessions of  Octaves,  Fifths,  Major  Thirds,  or  sub-minor  (natural)  Sevenths 
is  given  by  the  form  of  the  symbol  itself  in  terms  of  that  of  C  Thus 
ti5«  read  'high  B  sharp,' =|X  .  ^  .  |3| .  (7  ^  ^^^ 

When  other  pitches  are  required  in  just  intonation  the  appropriate 
fractions  should  be  prefixed.  Thus  the  first  32  partial  tones  of  C  are  to 
be  written  thus : 


N^ 
1 

Symbol 

Vib.  N°. 

N".- 

Symlwl 

Vib.  N°. 

N*». 

17 

Symbol 
255rf"b 

1 

Vib.  N*. 

N°. 

Symbol 

Vib.  K^ 

825 

C, 

33 

9 

d' 

297 

561 

25 

xrt 

2 

c 

66 

10 

c' 

330 

18 

d" 

594 

26 

!?«" 

858 

3 

G 

99 

11 

363 

19 

r.I5  ^  P 

627 

27 

t«" 

891 

4 

c 

132 

12 

,</ 

396 

20 

l" 

660 

28 

7X\> 

924 

6 

e 

I60 

13 

?2  a' 

429 

21 

zf" 

693 

29 

^^W^ 

957 

6 

9 

198 

14 

Zh'\> 

462 

22 

726 

30 

6" 

990 

7 

zJ'b 

231 

16 

// 

495 

23 

759 

31 

iJ^'" 

1023 

8 

d 

264 

16 

c" 

528 

24 

y" 

792 

32 

c^' 

1056 

The  correspondence  of  this  notation  with  Ilerr  v.  Oettingen's,  used  in 
the  text,  is  explained  on  p.  425,  note,  and  in  Table  V.  below.  The  typo- 
graphical inconvenience  of  that  notation  is  so  great  that  it  delayed  the 
printing  of  this  Translation  by  many  weeks,  and  occasioned  great  diflScul- 
ties  in  correcting  the  press.     Also  for  ordinary  writing  it  is  oA^n  difficult 


App.  XIX.  A.  NOTATION  OF  PITCH.  643 

in  consecutive  lines  to  tell  whether  a  bar  is  above  the  lower,  or  below  the 
upper  letter,  as  maj  be  seen  in  ^g,  61,  p.  520,  although  in  re-cutting  that 
figure,  I  endeavoured,  by  means  of  two  columns  of  letters,  to  obviate  this 
inconvenience  as  much  as  possible.  An  alternative  notation  possessing 
all  the  advantages  of  Herr  v.  Oettingen's  without  its  typographical  incon- 
venience, consists  in  using  inverted  acute  accents  for  bars  over,  as  ^e,  ,^^ 
for  J,  ?,  and  inverted  grave  accents  for  bars  under,  as  /,  ^e  for  g,  f ,  and  is 
shewn  also  in  Table  Yw  It  is  a  typographically  convenient  representa- 
tive of  Mr.  Bosanquet's  notation ;  see  Section  G,  No.  15. 

Musical  Typography, ''^Aasam^  ' »  ^  i  &iid  the  marks  concsponding  to 
C,  jD,  <&c.  to  have  the  values  above  assigned  to  those  marks  and  letters. 
In  theoretical  writing  use  ^,  j^  being  taib  of  quavers  and  semiquavers 
with  the  angle  pointing  upwards,  for  f,  ff  ;  and  ^,  |^,  being  the  same  with 
the  angle  pointing  downwards,  for  |,  \\\  and  ^  ,  being  the  bar  for 
joined  quavers,  for  ^.  These  signs  exist  typographically  for  all  positions 
on  the  scale,  thus : — 


^M 


t     a'        t    rf"        t     ^'b        t     ^'«     «    ^"«         Z         b'b 

Mr.  Bosanquet's  /  /  may  also  be  represented  in  musical  notation 
by  similar  sloping  lines  placed  before  the  head  of  the  note. 

Practically  no  such  notation  will  be  required.  The  duodenal  (p.  471, 
note,  and  p.  504,  note  2,)  of  which  the  theory  is  given  below  (in  Section 
E,  p.  671,)  entirely  supersedes  the  necessity  of  making  any  changes  in  the 
ordinary  staff  notation,  to  indicate  just  intonation  aa  founded  on  Octaves, 
Fifths,  and  Thirds. 

Absolute  Pitch, — The  above  contrivances  refer  the  pitch  of  all  tones 
to  that  of  C.  By  prefixing  to  any  piece  of  music  the  vibrational  number 
of  c'  or  any  other  tone,  thus  c'  =  264,  or  c"  =b  512,  or  a'  =  440,  the 
vibrational  numbers,  and  hence  the  absolute  pitch  of  all  other  tones  is  de- 
termined.    See  data  in  Table  VI.,  C,  below. 

2.  Tempered  Intonations, — ^Prefix  to  the  commencement  of  the  piece 
of  music  the  name  of  the  temperament  in  which  it  ^has  to  be  played,  aa 
given  in  Section  C,  below.  This  is  not  necessary  for  just  intonation,  as 
the  duodenal  suffices  for  marking  it;  nor  for  equal  temperament,  as  the 
absence  of  any  mark  or  duodenal  suffices.  The  pitch  of  one  tone  should 
also  be  prefixed.  For  the  commatic  temperaments  of  Section  C  (in  which 
an  ascent  by  four  Fifths  is  identical  with  an  ascent  by  a  major  Third 
and  two  Octaves)  the  letters  and  symbols  8 ,  b  will  have  a  modified 
meaning,  given  in  Table  VI.,  A,  and  the  marks  f,  t  ^^  °^*  ^  required. 
But  for  the  skhismatic  temperaments  of  Section  C  (in  which,  though  the 
last-named  identity  is  not  admitted,  yet  an  ascent  of  eight  Fifths  and  a 
major  Third  is  taken  to  be  identical  with  an  ascent  of  five  Octaves,)  the 
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letters  and  83nnbol8  I ,  ^ ,  and  ft  X  ^^  ^^®  ^  ^  ^^^^  ^^^  ^^  modified 
meaning  given  in  Table  VI.,  A.  The  vibrational  numbers  cannot  be  con- 
veniently calculated  for  any  tempered  intonation  except  by  means  of  loga- 
ritluns  as  shewn  in  Table  VI.,  A  and  C. 

3.  CalculaUan  of  Pitch. — ^The  ratios  of  the  just  tones  are  given  in 
Table  I.,  A,  together  with  the  logarithms  of  those  ratios  to  twen^  places 
of  decimals,  and  in  Table  L,  B,  to  &cilitate  calculations  of  temperaments 
and  on  very  high  upper  partials,  the  logarithms  of  the  numbers  1  to  32, 
and  the  primes  37  to  101  are  given  to  the  same  extent,  from  W.  Gardiner's 
Tables  of  Logarithms  (London,  4to,  1752,  very  rare).  In  Table  I.,  C,  will 
be  found  tables  and  rules  for  converting  the  expression  of  pitch  as  given 
by  equal  Semitones  (with  which  equal  temperament  has  rendered  musicians 
fiuniliar),  into  the  expression  by  logarithms  (which  is  far  the  most  con- 
venient for  calculations)  and  conversely.  Logarithms  will  be  generally  used 
in  this  Appendix,  but  their  equivalents  in  equal  Semitones  will  be  added 
in  the  Tables. 


SECTION  B. 
ON  THE   NOTATION  OF  INTERVALS. 

(See  p.  453,  note.) 

In  writing  notes  in  succession  to  form  the  fundamental  position  of  a 
diord,  or  of  a  scale,  it  is  very  convenient  to  connect  and  yet  separate  them 
by  signs  which  shew  the  intervals  between  them,  two  and  two.  In  the 
foot-notes  to  the  text  (from  p.  453  onwards,  and  on  p.  400,  note)  I  have 
used  part  of  the  following  notations,  which  was  necessary  for  the  con- 
struction of  Tables  11.  and  III. 


For  Chords 

For  Scales 

Sign 

Intcrrol 

natio 

Sign 

Interval 

RaUo 

+ 

Major  Third     .    . 

5+4 

n 

Low  Semitone  .    . 

256+243 

— 

Minor  Third     .     . 

6  +  6 

(.) 

Semitone.     .     .     . 

16  +  15 

X 

Fifth 

3  +  2 

(••) 

High  Semitone .    , 

27+25 

+ 

Pythagorean  major 
Thiiti  .... 

! 

81+64 

(-) 
(...) 

Minor  Tone .     ,    . 
Major  Tone .     .     . 

10+9 
9  +  8 

1 

Pythagorean  minor 
Third  .... 

} 

32+27 

(.-.) 

Angmentod  Tone  . 

75  +  64 

8I- 

Siiner  major  Third 
Snb  minor  Third  . 

9  +  7 

>                                         1 

Z\ 

7+6 

(  „  )  or  (to)  unnamed  interval. 

The  starting  tone  is  written  first,  and  the  ratio  is  that  of  the  greater 
to  the  smaller  vibrational  number.     Thus  c  x  g,    c  +  «,    e—  «     d  \  f. 
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When  the  pitch  of  the  two  notes  is  not  precisely  fixed  by  italicising 
the  letters,  the  difference  of  an  Octave  is  not  noticed,  but  it  is  -supposed 
that  the  first-named  note  has  the  lower  pitch.  But  when  the  precise 
Octave  is  fixed  by  italic  letters,  after  proceeding  from  the  first  by  the 
intervals  pointed  out,  we  must  ascend  or  descend  the  requisite  number  of 
Octaves  to  reach  the  second.  Thus  c  X  ^  is  a  proper  Fifth,  but  for  c  X  G, 
afber  ascending  the  Fiflh  c  x  ^,  we  must  descend  an  Octave,  so  that  c  x  G 
is  really  a  descending  Fourth.  Similarly  c  +  ^  is  a  descending  minor 
Sixth,  and  «  —  (?  a  descending  major  Sixth.  But  c  x  ^  is  an  ascending 
Twelfth  ;  and  so  on. 

To  shew  that  an  interval  is  repeated,  put  an  exponent  above  the 
symbol  of  the  interval,  thus  c  x'  d'  is  made  up  of  c  x  ^  X  d',  omitting 
the  auxiliary  ^,  and  using  x '  f or  XX.  But  c  x^  d  shows  that  after 
ascending  to  d'  we  have  descended  an  Octave,  and  have  hence  reached  a 
major  Second  d. 

To  shew  that  an  interval  is  taken  downwards,  write  the  exponent 
below.  Even  in  the  case  of  a  single  descent  the  exponent  must  then  be 
written.  Thus  c  + 1  f^^  shows  that  we  descend  a  major  Third  from 
cU)\A\>  ;  but  c  +1  fab  shows  that  we  afterwards  ascend  an  Octave,  and 
hence  that  the  interval  is  a  minor  Sixth* 

In  Tables  FV.  and  V.  the  tones  in  every  horizontal  line  proceed  regu- 
larly in  major  Thirds  up  (or  minor  Sixths  down)  from  lefl  to  right,  and 
those  in  every  vertical  column  proceed  in  Fiflhs  up  (or  Fourths  down) 
from  bottom  to  top.    Hence  we  have  for  the  horizontal  line  5m  in  Table  V. 

fFb  +  t-A^b  +  C  +  E  +  }G«  +  JBf 
and  JB«  +i  JGf  +i  E  +i  C  +i  t^b  +i  fFb 

and  for  the  middle  section  of  the  vertical  column  III. 

Eb  xBb  xFxCxGxDxtAxfE 
and  fE  XifA  XjD  XiG  XjC  XiF  XjBb   XiEb. 

We  can  evidently  proceed  from  any  tone  in  this  table  to  any  other  by 
going  up  and  down  by  Fifths  (or  Fourths),  and  to  the  left  or  right  by 
major  Thirds  (or  minor  Sixths).  Hence  any  interval  can  be  expressed 
and  noted  by  means  of  Fifths  and  major  Thirds.  Thus  C7  to  /8  is 
C  X  G  X  d  +  /«,  or  omitting   the  auxiliary  tones  C  X  x  +  ft,  that 

iaC  x*  +/«• 

The  ratio  of  the  interval,  supposing  both  tones  to  lie  within  the  same 
Octave,  is  then  calculated  by  putting  X  =  3,  +  =  J,  multiplying  them 
together,  and  subsequently  multiplying  or  dividing  the  result  by  2  as 
often  as  is  necessary  to  make  the  result  greater  than  1  (which  would 
indicate  a  Unison),  and  less  than  2  (which  would  indicate  an  Octave). 
Thus  ior  CU>  Ft  we  have  x'+=  (f)"  x  f  =  M>  ^^  ^  *^  ^  greater 
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tlwr.  S-  il-^^^  ^7  ^9  ^^^  ^^  result  is  jf ,  known  as  the  Tritone,  No.  26  of 
l^hk  n..  i.    But  for  (7  to/t  we  are  in  the  Octave  aboye,  and  hence  f| 
f^  thr  xccTvct  result     The  logarithms  of  the  ratios  to  twenty  places  of 
Sfctatf^  may  then  be  found  by  Table  I.  A. 

li  Table  IL  fiflj  of  the  special  intervals  which  have  received  names 
tpt  thus  expressed,  and  their  ratios  thus  calculated,  and  the  logarithms  of 
«>«se  ratios  are  added  togetlicr  with  the  number  of  equal  Semitones  which 
C^j  contain.  One  advantage  of  this  method  of  expressing  an  interval  bj 
Fifths  and  major  Thirds  is  that  by  means  of  Tables  IV.  and  V.  it  becomes 
immediately  possible  to  take  the  same  interval  from  any  required  tone, 
and  when  an  interval  is  given  between  any  two  tones  to  discover  what 
the  second  tone  will  be  when  the  first  is  C.  The  logarithm  and  number 
of  equal  Somitoncs,  will  also  immediately  point  this  out  by  Table  VI.,  B, 
which  at  the  same  time  shews  the  great  concision  of  intervals  caused  even 
by  i\w  best  tcniporamcnts.  Compare  the  Table  on  pp.  516-7,  and  fig.  61, 
p.  520. 

In  oonimatic  and  skhismatic  systems  of  tempered  intonation  (see  Section 
C),  these  intervals  all  reduce  to  successions  of  Fifths. 

For  the  commatic  scries  (Section  C)  wo  omit  f ,  J,  and  put  +  =  x  *, 
where  x  now  represents  the  tempered  Fiflh.  Then  the  first  twenty-one 
inter\'als  on  Table  II.  become :  1)  c  x  "  2?5  ;  2)  c  x  i,  2)b  b  ;  3)  c  =e; 
4)  same  as  1  ;  5)  same  as  2 ;  G)  c  x  ^  c8 ,  the  '  seven-Fifth  Semitone';  7) 
c  X  5  rf b ,  the  '  five-Fifth  Semitone ' ;  8)  same  as  6  ;  9)  same  as  7 ; 
I0)samoa8r>;  11)  same  as  7;  12)  c  x' (/;  13)  same  as  12;  14)cx'cA; 
ir>)  s:auo  as  11;  16)  c  X  lo  ^b  b  ;  17)  same  as  16 ;  18)  c  x  ,  eb  ;  19)  same 
as  18;  :.H0  c  X    e;  21)  same  as  20. 

For  the  nkhisinatic  series,  wo  put  +  =  x  *,  using  X  for  the  tempered 
Fifth)  so  that  x'^+=  ly  or  a  unison  when  reduced  to  the  same  Octave. 
AU>  t=  X  ",  J=  X  ij.  Hence  the  first  twenty-one  intervals  of  Table  II. 
ri'tluoo  to:  1)  c  =  f 2>5 ,  a  imison,  or  B}'nonym;  2)  c  x"dbb,  thus 
dbb  =  fc,  as  seen  by  Table  V.;  3)  same  as  2;  4)  same  as  2;  5)  c  X** 
t</bb,  or  two  commas;  G)  c  X^XcU  ;  7)  c  Xj  Jtfb,  'the  five-Fifth 
Semitone'  again,  but  diflerent  from  the  above  commatic  N°.  7;  8)  same 
as  7,  for  ct  =  JcZb ,  see  Table  V. ;  9)  c  x '  db ,  *  the  seven-FifUi  Semi- 
tone' again,  but  diflxirent  from  the  above  commatic  N**.  6 ;  10)  same  as  9, 
for  tc«  =  db,  see  Table  V.;  11)  c  x'^1[db  ;  12)  c  x,ot^;  13) c  x'rf; 
10  c  X„  tt^W  ;  15)  c  x,4J»  ;  16)  c  x"  \eb\>  ;  17)  c  x«  tt«^b  ; 
18)  c  Xa  cb  ;  19)  c  X*  t«b  ;  20)  c  Xr  c;  21)  c  x*  ftf.  All  these  may 
be  readily  verified  by  counting  up  and  down  on  the  middle  section  only  of 
Table  V.,  or  lines  j^  to  a;  of  Table  IV. 

It  is,  however,  still  convenient  to  use  the  symbols  +  and  —  in  the 
commatic  series  for   x  ^  and    x  „  and  in  the  skhismatic  series  for  x  g  and 
X  ^  rcBiXJCtively,  with  tlic  difllTent  tempered  meanings  of    x ,  as  in  the 
notation  of  dyads  in  Tabic  VI.,  D. 


App.  XIX.  C.  TEMPERAMENTS.  647 


SECTION  a 

ON  TEMPERAMEMTS. 

(See  Chap.  XVI.) 

It  is  impossible  to  fonn  Octaves  by  just  Fi fibs  or  just  Thirds,  or  both 
combined,  or  to  form  just  Thirds  by  just  Fifths,  because  it  is  impossible  by 
multiplying  any  one  of  the  numbers  ^  or  {  or  2,  each  by  itself,  or  one  by  the 
other,  any  number  of  times,  to  produce  the  same  result  as  by  mtdtiplying 
any  other  one  of  these  numbers  by  itself  any  number  of  times.  Tempera- 
ment, however,  consists  essentially  in  replacing  Fifths  and  Thirds  by  other 
intervals  of  nearly  the  same  amount  which  in  the  new  intonation  will 
give  a  relation  between  Thirds  and  Fifths,  or  Thirds  and  Octaves,  or 
Fifths  and  Octaves,  and  hence,  as  all  intervals  can  be  expressed  in  terms 
of  Fifths,  Thirds,  and  Octaves  (Table  II.),  will  allow  all  intervals  to  be 
expressed  by  Fifths  and  Octaves,  as  shewn  at  the  end  of  Section  B.  Any 
such  alteration  necessarily  injures  or  even  destroys  the  harmoniousness  of 
chords.  Nevertheless,  considerations  of  instrumental  convenience  have 
led  musicians  to  submit  to  the  noises  of  false  intervals,  and  the  object  of 
temperament  should  be  to  make  that  inharmoniousness  a  minimum.  In 
Table  VI.  the  best  temperaments  have  been  carefully  compared  with  just 
intonation,  tone  for  tone,  the  effect  of  the  alterations  on  the  harmonious- 
ness of  consonant  triads  shewn  by  calculating  the  resulting  beats  and  dif- 
ferential tones,  and  the  various  systems  thought  worthy  of  consideration, 
placed  in  order  of  harmoniousness.  The  following  is  a  new,  simple,  and 
general  mathematical  theory  by  which  the  pitch  of  the  various  tones  there 
given,  and  those  of  all  possible  imiform  temperaments,  may  be  calculated. 

The  following  relations  are  easily  found  by  repeating  Fifths  and  major 
Thirds,  that  is  by  actual  multiplication  : 

(2)      ^   (7)    ~  524288  "^    ^'  *^^  oommsL  of  Pythagoras...  (1) 


a) 


'x2  =     g     =  ttJk,  tl)e  diesb     (2) 


Multiplying  these  equations  together,  and  extracting  the  cube  root, 
gy  X  I  X   Qy  =  IJ  =  ttl^e  comma  (of  Didymus)...     (3) 

Dividing  (1)  by  (B), 

©•^t'<(ir=s=''.'^*^ <^> 
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This  last  is  in  fact  the  relation  employed  in  the  text  on  pp.  431,  486, 
and  491. 

Temperament  is  of  two  kinds,  Unifarm  and  Unequal.  In  uniform 
temperament  the  intervals  are  the  same  for  all  keys.  In  unequal  tempera- 
ment they  are  varied  for  different  keys  to  suit  pleasure  or  convenience 
(p.  499). 

L  Uniform  Temperaments. 

Let  V,  T,  1;,  «  be  any  four  fractions  having  relations  mmilar  to  f ,  |, 
f  and  Y  respectively  in  (1)  and  (2),  so  that  they  will  Ixe  the  tempered  FifUi, 
major  Third,  Comma,  and  Skhisma  of  the  tempered  system.  Then  from 
(1)  and  (2) 

V»«  -H  2^  =  A«,  and  2  -*-  T»  =  ifc>  -h  s (5,  6) 

For  calculation  it  is  most  convenient  to  use  the  logarithms  of  equations 
(1,2,5,  6), thus:— 

log|   =^.  log2  +  i(logt  +  logT) (la) 

log|  =  l.log2   -|logt+]logT  (2a) 

log  V=  I  .  log2  +  i  (log^  +  log*) (5a) 

logT=  ?  .  log2  -  |logi'  +  llog5    (6a) 

Next,  subtracting  (la)  from  (5a),  and  (2a)  from  (6a)  we  have  :— 
log  V  =  log  I  -  1   X  (log  t  -  log  A;  +  log  II  -  log  0     ...    (7) 

logT  =  log|+  I  X  (logt-log  A:)  -l(logT-logO     (8) 

These  are  the  fundamental  equations  of  uniform  temperament  Two  of 
the  four  imknown  expressions  which  they  contain  can  be  assumed  at  plea- 
sure, and  the  others  determined  from  them,  giving  rise  to  an  endless  variety 
of  temperaments.  But  no  temperament  will  be  more  convenient  to  the 
performer  than  just  intonation  itself,  unless  either  ib  =  1  or  5  =  1.  This, 
therefore,  is  always  one  assumption  for  practical  temperaments.  But  the 
other  may  depend  upon  various  conditions,  of  which  I  have  considered 
50  for  A;  :=  1,  in  my  paper  on  Temperament  (see  p.  641), 
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i.  Commatic  System  of  Uniform  Temperament. 
Characteristic ;  ^'  =  l,  but  s  is  not  =s  1  in  equations  (7,  8). 
Then  log  A;  =  0 

log  8=  12  log  V  -  7  log  2,        from  (5a) (9) 

=    3  log  T- log  2,  from  (6a) (10) 

log  V  =  1  (log  5  +  7  log  2),      from  (5a) 
=   J  log  T  +  ?  log  2,        from  (10) 

log  T  =   ^  (log  8  +  log  2),  from  (6a) 

=  4  log  V  -  2  log  2,  from  (9) 

That  is,  there  is  a  series  of  uniform  tempered  Fifths ;  the  tempered  major 
Third  is  formed  by  taking  four  tempered  Fifths  up,  and  two  just  Octaves 
down,  and  the  tempered  skhisma  is  the  difference  (sharper  or  flatter)  be- 
tween three  tempered  major  Thirds  and  a  just  Octave,  and  also  between 
twelve  tempered  Fifths  and  seven  just  Octaves.  These  properties  are 
common  to  all  these  temperaments. 

1.  Pythagorean  or  Quintal  Temperament. 

Assume  ifc  =  1,  and  V  -,  then  by  (7) 

it 

log  t+  log  V  =  log  «  =  -00588  51390  20306  53858 
whence  by  (8), 

log  T  =  log  ^  +  log  t=-10230  50448  94762  57790 

That  is,  each  major  Third  is  a  whole  comma  sharper  than  a  just  major 
Third.  This  is  the  Gaelic,  Chinese,  and  old  Greek  system.  See  the  '  five- 
Fifths'  and  *  seven-Fifths '  scales,  Table  UI.,  A  and  B.  Extended  to  seven- 
teen tones  it  is  the  Arabic  system.  See  the  complete  series  of  tones  in 
Table  VI.,  B,  col.  Pythagoras ;  and  the  proof  in  Table  VI.,  D,  that  it  is 
totally  unfit  for  harmony,  which  incontrovertibly  establishes  that  the 
Greeks  were  unacquainted  with  anything  approaching  to  the  modem 
harmony  of  Thirds. 

2.  MeaUf  Mean-tone,  Mesotonic  or  Tertian  Temperament. 

5 

Assume  it  =  1  and  T  =  ^  ,  then  by  8, 

4 

log  T  -  2  log  t=  log  8  = --01029  99566  39811  95204  =  -  log  diesis. 

whence  by  (7), 

log  V  =  log  I  —J  log  t=17474  25010  84004  70121. 
^       4 


650  AllDinOSS  BY  THE  TBA5SL1T(ML  Arr.  XDL  C. 


That  lA,  each  mean  FiAh  u  ^  oomm  lea  tban  a  jort  Fiilli.  This  wu  tlie 
oldest  tempenuneot  admitting  cif  bamjoniMtion,  In  mj  paper  on  Tern- 
penuDent  (lee  p.  641)  I  bare  flbewn  thii  to  be  the  most  hmnoiiioiB  of 
this  fystem ;  see  also  Table  VX^  D.  Ordinarj  moscal  notalkm  is  e^ie- 
cialljr  adapted  to  this  s)rstem  and  the  lasL  It  requires  twenty-seren  tones 
at  least.  Reduced  to  twelre,  described  on  p.  499,  note  3,  it  Ibrmed  th*; 
old  organ  toning.  In  Table  VI ^  B,  coL  Mean,  the  pitch  of  tiiir^-fiTe 
tones  is  given. 

ii.  C(fmmatO'Skkismatic  System  of  nni£:>nn  temperament,  for  which 
UiUj  il  =  1  and  «  =;  1  in  equations  (7,  8). 

Characteristic ;  i(;  =s  1  and  5  ^  1  in  equations  (7,  8). 

Then  log  I:  =  0  and  log  «  =  0 

log  V  =    -T  log  2,  from  (5a) 

log  T  =  ^  log  2,    from  (6a) 

and  there  is,  therefore,  only  one  such  temperament. 
3.  Efjualy  or  Hemitonic  Temperament 
Amsuuic  ^*  =  1,  and  also  «  =  1,  then  bj  (7), 

log  V  =  log  ?  -  A  X  (log  t+  log  IT)  =  -17560  08308  03989  03054 

and  by  (8), 

log  T  =  log  5  -  ^  X  (2  log  t-  log  f )  =  -10034  33318  87993  73174 
4        o 

by  the  approximations  in  Table  I.,  A,  it  is  seen  that  ^^  (log  f  4-  log  T) 
agrees  witli  ^  log  f  to  seven  places  of  decimals ;  so  that  we  nmy,  for  all 
acoustical  purposes,^  assume  log  ^^  -^i  log  f,  and  hence  that 

*  Not  for  mnthomatical,  that  is  exact  theoretical  purposes.     On  ezamimng  the 
temperumoDts  for  the  condition 

lojiC  Ar=  11  log  *,    we  find  by  (7.  8,  la,  2a),  that 
if  V  -  j,    then  12  log  «=  log  f  +  log  t 
and    log    T«Jlog2-7  log* 

=  ilog2-^x(logt  +  log1l) 
:=   *006  9103  345 
wboroaslog{=   *096  0100  130 
and  if  T  =  J,  then  21  log  «  =  2  log  f- log  t 

and        logVc^  log  2  4- 12  log  * 

=   -176  0912  225 
whereas  log  §  =    176  0912  590 

so  that  in  both  cases  we  have  real  temperaments,  mathematically  difiloront,  although 
audibly  indistinguishable  from  just  intonation. 
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logV=log|-^^  X  logt=log|-log^ 

log  T  =  log  I  +  1   X  log  t=  log  I  +  7  log  %. 

That  is  each  equal  FifUi  is  a  skhiama  or  -^j  comma  flatter  than  the  just 
Fiflh,  and  each  equal  major  Third  is  7  skhismas  or  -^  comma  sharper  than 
the  just  major  Third,  and  consequently  each  minor  Third  is  8  skhismas 
or  y^y  of  a  comma  flatter  than  a  just  minor  Third.  The  harmony  is  there- 
fore yery  bad,  as  appears  by  Table  VI.,  D,  except  under  the  circumstances 
mentioned  on  pp.  502-3.  But  it  is  the  sole  uniform  temperament  which 
requires  only  12  tones,  and  hence  it  is  universally  assumed,  although 
musical  notation  is  not  adapted  for  it.  See  the  pitch  of  its  tones,  and  their 
synonyms  in  Table  VL,  col.  Equal,  and  the  logarithm  of  every  tone  to  20 
places  of  decimals  in  Table  I.,  C. 

iii.  Skhismatic  Si/stem  of  Uniform  Temperament 
Characteristics^  d  ^  1,  and  k  not  =s  1  in  equations  (7,  8). 
Then  log  5  =  0 

logife  =  121ogV  -  71og  2,    from(5a)  (11) 

=  i(log2  -81ogT),    from(6a)  (12) 

logV  =  l(7  1og2  +  log^),    from  (6a) 

=  ^(51og2-logT),     from  (12) 

log  T  =  ^  (log  2  -  2  log  t),     from  (6a) 
o 

=  5  log  2  -  8  log  V,       from  (11). 

We  have  therefore  a  series  of  uniform  tempered  Fifths,  and  the  tempered 
major  Third  is  found  by  taking  8  tempered  Fifths  down  and  5  just 
Octaves  up,  so  that  to  ascend  8  tempered  Fifths  and  a  tempered  major 
Third  is  the  same  as  to  ascend  5  Octaves ;  and  the  comma  is  now  the 
difierence  (sharper  or  flatter)  between  12  tempered  FifUis  and  7  just 
Octaves,  and  half  the  diflerence  between  2  tempered  major  Thirds  and  a 
just  Octave. 

4.  Skhismic  or  Arabic,  according  to  Pxofl  Helmholtz's  indication  (p. 
431). 

Assume  «  =  1  and  V  =  -,  then  by  (7), 

log  ib  =r  log  t+  log  Y  —  *00588  51390  20306  53858 
and  by  (8), 

log  T  =  log  -  -  log  T  =  -09641  99058  74456  03932. 
4 
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Tbe  absolme  Piidi  of  tlie  17  Antne  loan  h  emn  ca  pi.  432,  note  3. 
Tlie  Sklumic  tcoea  ftr  »  complete  aaiea  an  girat  ia  Table  TL,  B,  ooL 
Skhiflmic,  «ad  tlie  haimoDic  effect  >•  ibewa  to  be  nadi  eupaiur  to  tint  ti 
any  commatic  tenpemnent  in  Table  YX,  D.  Tbe  **"*—,  hummita,  da 
not  aeem  to  have  need  anj  tertian  bannonj. 

5.  Stchittie,  or  Belmboltnan,  aa  it  maj  be  caDed,  ^rriMi  11^1,1^1  il 
\jj  Pro£  Udiaboltz  (p.  491). 

Aaame  a  =  1  and  T  =  |,  tben  by  (fi), 

k«i  =  k«t-|>asT=  -005U  9978S  19905  97602 

logT  =  iog|-ik«T=   nfiOa  9»56  6S981  1952L 

Tbe  name  Skliiatic  i»  derired  from  ikbiflt,  or  hj  abbreriaticxi  m  (we 
Table  L,  A),  which  I  ok  for  tbe  saall  inunal  due  im  ooe-e^th  of  tfae 
Greek  ikhimia.  It  appean  bj  Table  I,  A,  tbat  88  log  «  =  kg  t  almod 
esactljr.  Tlia  allowa  t^  tbe  foUoiring  ootiqMiiaBB  of  the  conaonant  in- 
tervala  in  Hean,  Eqnal,  Sfchinnir,  and  Skbitfie  *Ttnm<nh^  naing 
*  22  flat'  to  mean,  '  flatter  than  tbe  carrei^Mndii^  jtHtljr  im 
hj  22  Abiate,'  that  ia,  bj  a  qnarto  of  a  "m""" 


jnnor  Tliird  I  flat  I         8  »bup  U  C«  .       M  fltf 

Kkjor  TbM  enel  '         S  flat  a«s  |      M  diup 

Fannh  |         I  shup  I  cuct  j       XI  ikaip  I        8  rfnip 

Fifth  I         I  au  exact  1       13  Art  S  fat 

Kmcc  Sixth  enet  8  flat  <        »t-«  W  flat 

Major  Sistb  j         1  iharp  8  durp  XI  Aarp  «  rimp 


Ibe  complete  aoies  ot  dkhiauc  tones  will  be  loand,  with  tbor 
Bjnoojma,  in  ^bt>le  TL,  coL  SUiiHic.  Bj  ibe  enminatiat  made  in 
TaUe  TL,  D,  tbe  ddiiMic  sppeua  to  be  tbe  moa  bamauaaBoTlbia  MrieB 
of  temperantenta,  aitd  ha>oe  of  all  existing  tauparamaita,  and  |vobabIy  no 
Mr  ironld  diatiDgni^  it  from  jaet  btonaticD.  bm  it  is  ray  difficnlt  to 
realise  in  practice,  nnce  tbe  lUiistic  Fifths  are  indiTidnaDj  indiatiBgniih- 
~  ~  I  fiofc  jnst  Fihha,  althoi^  ibe  aocnmnlaied  diflennee  wo^d,  if 
,  cfllirelj  dearoj  the  namre  of  tbe  lempenMoiL  Hence  tbe 
c  deaeribed  on  p-  656,  K~.  13. 


—  ■*—"  —  1 — 
^^hUt  fiofc  jn 
^^^boed,  cut 
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iv.  Cyclic  Systema  of  Uniform  Temperament. 

Characteristic.  The  interval  of  an  Octave  is  divided  into  an  int^ral 
number  of  aliquot  parts,  for  each  of  which  a  definite  tone  is  tuned.  Thus 
as  many  intervals  and  tones  are  created  as  there  are  aliquot  parts  selected, 
and  integral  numbers  of  these  intervals  being  assigned  to  the  tempered 
Fifth  and  Third,  this  original  limited  number  of  tones  serves  for  every 
possible  case,  and  the  tones  recur  cyclically,  under  different  names.  By 
Section  F.,  p.  671,  it  appears  that  no  cyclic  system  has  any  but  theoretical 
value,  when  the  number  of  its  tones  exceeds  117. 

These  temperaments  do  not  necessarily  belong  to  either  the  commatic 
or  skhismatic  system,  that  is,  they  may  have  neither  it  =±s  1,  nor  ^  =  1. 
The  following  is  a  general  method  of  deducing  them  from  the  preceding 
equations : 

Take        m  •  log  V  =  r  .  log  2,        m  .  log  ifc  =  ^  .  log  2  ...     (9,  10) 
m  .  log  T  s=  < .  log  2,        m  .  log  «  =  z  .  log  2  ...  (11,  12) 

and,  after  substituting  these  values  for  log  V,  log  T,  log  k,  log  8  in  the 
equations  (la,  2a),  divide  out  by  log  2,  and  multiply  up  by  m.     Then 

12»  — 7m=:  J  +  -c,        m-3<  =  2<7-«  (18,  14) 

Take  any  integral  values  for  q  and  z,  and  find  the  integral  values  which 
satisfy  one  of  these  indeterminate  equations  for  v,  t/i,  or  ^,  m,  and  substi- 
tute in  the  other,  taking  the  resulting  integral  values  of  t  or  v  respectively. 
Tlie  ^ye  integral  values  determine  a  cycle  in  which  the  Octave  is  divided 
into  m  aliquot  parts,  which  may  be  termed  octe,  v  of  which  make  a  Fifth, 
t  a  major  Third,  q  a  comma,  and  z  a  skhisma  of  '  the  cycle  of  m.*  Most 
of  the  results  are  valueless,  because  they  do  not  make  T  and  Y  sufficiently 
near  to  ^  and  f ,  but  the  following  present  either  theoretical  convenience 
or  historical  interest.  Those  for  which  ^  =  0  belong  to  the  commatio 
system,  and  those  for  which  z  ss  0  to  the  skhismatic  system. 


Cycle  of 

Fifth, 

HajorThiid, 

Comma, 

F&hiigna, 

6 

m. 

V. 

t. 

?. 

M, 

30103 

17609 

9691 

539 

48 

7 

3010 

1761 

969 

55 

7 

8 

301 

176 

97 

5 

0 

9 

53 

31 

17 

1 

0 

10 

63 

31 

18 

0 

1 

11 

31 

18 

10 

0 

-1 

12 

12 

7 

4 

0 

0 

As  these  numbers  do  not  sufficiently  convey  the  relation  of  these  tem- 
peraments to  just  intonation,  the  value  of  log  2  -h  m,  and  corresponding 
values  of  log  V,  log  T,  log  it,  log  «,  up  to  7  places  of  decimals,  are  added 
for  each,  and  the  values  of  the  latter  in  just  intonation  subjoined. 
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;k-.  t    • 

1 

1 

k«T 

logT 

logi 

log* 

6  30103 

7  ;  3010 

8  301 

9  53 

10  53 

11  31 

12  •  12 

•000  0100    j 
.  -OiK)  1000    i 
•001  0001 
•005  6798    ■ 
•005  6798    , 
•009  7106 
•025  0S58    i 

176 
•176 
•176 
176 
•176 
•174 
175 

•176 

0900 
1000 
0176 
0741 
0741 
7916 
6008 

0913 

•096   9100 
•096  9000 
•097   0097 
-096  5568 
•102   2366 
•097   1065 
•100  3433 

•096   9100 

•005   3900 
•005   5000 
•005   0005 
•005  6798 
0 
0 
0 

•005   3950 

•000   4800 
•000   7000 
0 
0 

•005   6798 
-•009   7106 
0 

•000   4901 

Jost     . 

< 

6.  Cjfde  of  30103.  This  is  the  closest  possible  cyclic  approximation 
to  just  intonadon.  Call  each  act  in  this  case  a  jot  (as  used  in  Curwen's 
'  Musical  Statics^*  p.  100,  on  my  suggestion),  or  an  atom  (as  proposed  by 
De  Morgan, '  Trans,  of  Cam.  Phil.  Soc,*  vol.  10,  p.  130,  but  merely  as  an 
abbreviation  of  5  figure  logarithms,  not  assuming  an  atom  to  be  a  true 
oct),  and  the  number  of  jots  will  form  the  best  means  of  discussing  ques- 
tions of  intonation  for  the  great  majority  of  musicians,  who,  as  a  ruley  are  not 
familiar  with  logarithms.  The  true  cyclic  character  of  this  temperament  was, 
I  believe,  first  shown  in  my  paper  on  '  Duodenes*  (see  above,  p.  641).  By 
calculating  out  the  numbers  of  jots  and  comparing  them  with  the  numbers 
in  Table  YL,  B,  col.  Logarithm,  it  will  be  found  that  they  agree  with 
those  of  just  intonation  up  to  five  places,  within  a  unit  of  the  last  fifth  place. 

7.  Cycle  of  SOlO,  This  may  be  considered  to  be  a  mere  abbreviation 
of  the  former.  By  calculating  out  the  numbers  of  octs,  and  comparing 
with  the  numbers  in  Table  VI.,  B,  col.  Logarithm,  it  will  be  seen  that 
they  agree  with  those  of  just  intonation  up  to  four  places,  within  one  or 
at  most  two  units  in  the  last  place. 

8.  Ci/cle  of  SOI,  On  calculating  out  the  numbers  of  octs  as  follows, 
and  comparing  them  with  the  numbers  in  Table  YI.,  B,  coL  Logarithm, 
it  will  be  seen  that  they  agree  with  those  of  just  intonation  up  to  three 
places,  within  one  or  at  most  two  units.  But  they  agree  to  three  places 
much' more  closely  with  those  of  skhistic  intonation  (in  the  same  table, 
col.  Skhistic),  for  which  it  is  oflen  extremely  convenient  to  use  them,  for 
purposes  of  illustration,  as  in  the  following  table,  in  which  the  value  in 
octs  of  the  cycle  of  301  is  given  for  73  tones,  being  those  in  cols.  L  to  VL 
of  Table  FY.,  less  those  in  col.  I.,  lines  /,  tw,  n,  and  col.  YL,  lines  y,  z. 
The  48  of  those  tones  contained  in  the  middle  section  of  Table  Y.  are  in 
Roman  capitals,  the  other  of  the  73  tones,  which  are  some  of  their  skhistic 
synonyms,  are  in  Roman  small  letters,  and  other  synonyms  from  Table  Y. 
are  added  in  Italics ;  the  whole  are  divided  into  groups  of  4,  the  constituents 
of  which  differ  from  one  another  by  5  octs,  or  one  skhistic  comma.  The 
possibility  of  such  a  division  in  Hkhistic   temperament  is  an  important 
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practical  result.     The  names  in  the  central  column  of  Tones  are  those 
used  in  Table  VIH. 


Table  of  the  Cydec 

/301. 

Tonca. 

Octfl. 

Tones. 

Cote. 

Tooaft. 

Gets. 

ten  «^b 

C%    Jdb 

hn 

18 

tF4    ttftt] 

M    ::f   ::: 

t^bb 

115 

t^n 

ta   tt^bb 

217 

mt 

23 

;^bb 

120 

gff« 

A    : 

:5bb 

222 

fct      Db 

nbn 

28 

tej        F     : 

l^bb 

125 

tp«« 

fA     bbb 

227 

ffcU    tDbtWJJ 

33 

ffeZ       fF      gbb 

130 

ffgn 

tfa  tBbb 

232 

ten  tw 
en  ::D 

tt^bb 

t^bb 

41 

tF5  tt^b       eM 

143 

tA« 

t±bb 

::bb 

240 

46 

Fff    &b      t<«5 
tf»       Gb   ffen 

148 

A« 

245 

fen    D 

ebb 

51 

153 

ta5 

Bb 

250 

ftcti    fD 

t<5bb 

56 

ttyjr    tGbttt^« 

158 

tM 

fBb 

255 

JDJJ    :  :«b 

64 
69 

m     JG  labb 

166 
171 

fan 

B     ::cb 

268 
273 

d9        Eb 

74 

tyjlir        G     abb 

176 

ffan 

fb       Cb 

278 

td«      fEb 

1 

79 

ttyjrjj    tg  tAbb 

181 

fffan 

tt*    tcb 

283 

jDirir  te 

^^^ 

92 

tG5     t«b 

194 

t^t  «<?  ttt^bb 

291 

e/tttt       E 

t/^ 

97 

G5       ab 

199 

Bff 

tc    t^^bb 

296 

fdn     tE 

fb 

102 

t^     tAb 

204 

tA5 

c     :  :dbb 

0 

ttrf»«  tt« 

fFb 

107 

n^t   tfAb 

209 

tt*f 

to        dbb 

5 

9.  Bosanqtiefs  Cycle  of  53.  This  is  the  cycle  proposed  by  Nicholas 
Mcrcator,  as  a  theoretical  representation  of  just  intonation,  for  which 
purpose  it  was  much  employed  by  Gen.  T.  Perronet  Thompson,  but  as  it 
was  first  practically  used  in  music  on  an  instrument  constructed  by  Mr. 
Bosanquet  (bee  below,  section  G,  No.  15),  who  has  invented  a  special 
notation  for  it  (<?xplained  in  Table  VI.,  B,  Introduction),  it  is  proper  to 
speak  of  it  as  Bosanquet *s  cycle.  The  logarithms  of  every  division  are 
given  in  Table  VL,  B,  col.  Bosanquet,  by  which  it  will  be  seen  to  be  a 
vory  accurate  representative  ofskhismic  intonation,  but  (by  the  same 
Table,  D)  to  be  superior  to  it  in  harmoniousness.  It  is  no  doubt  the  best 
cyclic  temperament  that  can  be  formed  without  exceeding  117  tones  to  the 
Octave. 

10.  Conimattc  Cycle  of  53.  The  value  of  the  Octs  and  of  the  Fifths 
remains  the  same,  but  the  major  Third  is  taken  sJiarper.  This  makes  the 
cycle  a  very  accurate  representative  of  Pythagorean  intonation,  as  may  be 
readily  verified  by  Table  VI.,  B.  But  as  that  intonation  is  imfit  for 
harmony  (Table  VL,  D),  the  present  cycle  may  be  disregarded. 

11.  Cycle  of  31.  This  is  Iluyghen's  Cyclus  Hannonicus.  The  value 
of  all  its  octs  is  given  in  Table  VL,  B,  col.  Hiiyghens,  by  which  it  will  bo 
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Bmal]  iudeed.  If  we  tuned  all  the  other  columns  in  the  middle  section  of 
Table  V.  in  the  same  way,  and  the  tuning  were  absolutely  correct,  we 
should  have  an  ascending  series  of  perfectly  just  Fifths  from  JJDt  to 
XDU  t ,  from  JB  to  Bit  ,  from  }G  to  GJT ,  from  Eb  to  fE,  from  Cb  to  fC,  and 
from  fAbb  to  ft^b,  each  series  being  exactly  a  just  major  Third  lower 
than  the  following.  But  we  should  have  the  Jive  flat  Fifths  JDJT  Z  to  JB 
(for  A5  5  ),  B3  to  JG  (for  Fff  U),Gt  to  Eb  (for  D«  ),  fE  to  Cb  (for  fB), 
f  C  to  f  Ab  b  (for  fG),  each  such  Fifth  being  a  skhisma  too  flat.  For 
the  same  reason  each  of  the  four  minor  Thirds  JD5  5  —  }G  (for  JE  —  JG 
or  JDtt«  -  F5  5 ),  Btt  -  Eb  (for  JC-Eb  or  B»  -D5 ),  G«  -  Cb  (for 
Ab  -  Cb  or  G5  -  fB),  fE-  fAb  b  (for  Fb  -  fAb  b  or  fE  -  ^G)  will 
be  a  skhisma  too  flat.  The  resulting  eight  imperfect  triads  arc  specified, 
and  their  harmoniousness  is  investigated  in  Table  VI.,  D,  and  shewn  to 
be  of  a  high  character.  For  all  other  triads  the  harmoniousness  would  be 
that  of  just  intonation.  In  future,  skhistic  intonation  is  supposed  to  be 
practically  replaced  by  this  unequally  just  intonation,  and  both  are  re- 
garded as  audibly  identical  with  uniformly  just  intonation. 

The  practical  direction  for  tuning  the  forty- eight  tones  of  the  middle 
section  of  Table  V.  in  this  practically  just  intonation  is:  Tune  C  to  fork, 
tune  three  just  major  Thirds  tip  C  +  E,  E  +  JGjr ,  JG«  +  JB5 ,  afui  two 
down  C  -f  1  fAb ,  f  A  b  + 1  fFb .  From  each  of  the  six  notes  thus  obtained, 
tune  Jour  just  Fifths  wp,  cm  C  x  G,  G  x  D,  D  x  fA,  fA  X  tE,and  three 
down,  a«  C  X  1  F,  F  X  1  Bb ,  Bb  X  i  Eb,  and  verify  each  set  of  Fifths  by 
the  two  adjacent  sets,  as  the  individual  tones  are  tuned,  by  seeing  that  the  tones 
u?ritten  on  the  same  horizontal  line  in  Tables  IV,  and  V.  make  just 
major  Thirds  with  each  other.  As,  however,  it  is  practically  impossible  to 
tune  the  major  Thirds  by  mere  absence  of  beats  with  suflicient  accuracy 
to  make  them  starting-points  (or  '  bearings ')  for  the  series  of  Fifths,  the 
result  will  seldom  be  satisfactory  to  the  ear  when  carried  out  to  the  full 
extent,  unless  tuning-forks  be  obtained  for  the  first  series  of  major  Thirds* 
From  the  vibrational  numbers  for  c  =  264,  in  Table  VI.,  B,  eidier  unison 
forks,  or  (still  better)  Scheibler's  beating  forks  (p.  253,  note  2)  can  be 
constructed  for  these  bearings. 

14.  Practical  Intonation  for  BosanqueCs  Cycle. — ^Two  methods   (14a 
and  14b)  are  proposed,  depending  on  the  following  equations, 

53  log  ?  -  31  log  2  =  -00090  68643  67689  =  log  r 

=  6  X  -00013  68851  87576  +  -00008  55532  42235  =  6  log  m  +  logn 
=  -00098  02142  67201  -  00007  33498  99512  =  21ogf  -  logp 

so  that,  very  nearly,  log  1[  =  3^  log  m  =  6  log  n  =  7  log  p,  and  hence 
the  intervals  w,  w,  i>  are  practically  inaudible,  but  log  r  is  seen  to  be  very 
nearly  2  log  1[,  and  hence  r  is  quite  sensible.  The  temi>ered  major 
Third.<s  which  now  constitute  the  *  bearings,*  are  tuned  as  follows  :  — • 

U   U 
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Afp.  six.  a 


Table  of  Bearings. 


Intonfttion  of 

in  (14a) 

ina^b) 

BCAtB  in  1  MC  of 

in  (14a) 

in  (14b) 

• 

t/b 

338-47 

338*30 

t/b  4.  t«'b 

1-87 

1-91 

fa'b 

422-74 

422-4 

Kb  +    c" 

1-72 

0 

</ 

264 

264 

</    +   • 

107 

0 

f' 

329-73 

330 

e'    ^  wn 

1*34 

1-86 

Wt 

41183 

41204 

wt  +  tn 

1-68 

2-32 

th'n 

614-37 

514-46 

Wt  +tK'55 

209 

2-91 

V^d'tn 

32122 

32118 

(14r)  Practical  Cyclic  Intonation, — Tune  the  seven  notes  in  col.  1,  by 
Scbeiblor's  or  other  forks,  or  from  c',  tuned  to  264,  derive  the  other  six 
tonos  by  beat*,  as  in  cols.  (14a).    Then  from  \f'^  tune  4,  and  from  each  of 
tho  otlior  six  notes  tune  7  just  Fifths  up.     VeriBcation,  the  5tii  Fifth 
£r\>m  \f'^  will  be  flatter  than  J  J<£'55    by  w,  and  may  be  assumed  as  iden- 
tical with  it ;   and  the  8th  Fifth  from  each  of  the  other  bearings  will  be 
flatter  than  the  preceding  bearing  in  the  table  by  w,  and  may  be  assumed 
as  identical   with   it.      Assume   then   that   ^f^^  =  JJcfW,    and    that 
J J^5 1  =  tt^'b  and  repeat  the  series  of  53  Fifths  up  from  •\f\>  b  and 
down  from  JJ^'ff JJ .      This  unequally  recurrent  system  will  be  audibly  in- 
distinguishable from  the  true  cycle. 

(14b)  SkhismO'Cyclic  Intonation,  invented  and  kindly  communicated 

by  Captain  J.  Herschel,  Royal  (late  Bengal)  Engineers,  and  named  by  me 

from   its  predominantly   skhismic   and    recurrent   character.     Tune  the 

bearings  by  forks  or  beats,  as  before,  taking  cols.  (14b).     From  c'  and  d 

tune  4  just  Fifths  up,  and  from  ^a'\>  and  d  tune  3  just  Fifths  down. 

From  e',     Xg'^  ^     Xh'l ,  tune  7  just  Fifths  down;  from  fa'b  tune  7  just 

Fifths  up,  and  from  t/'b  tune  4  just  Fifths  up.     Verification,  the  major 

Thirds  in  columns  4,  5,  G  of  Table  IV.  will  be  just,  and  hence  each  of  the 

two  Fifths  gt   x  eb ,  and  \E  x  cb  will  be  too  flat  by  one  skhisma ;  the  8th 

just  Fifth  down  from  e',    J/5 ,    Xh'l  will  be  respectively  the  J^5 ,     J5I , 

J  Jc/'U  t  already  tuned  by  Octaves  from  the  bearings;  the  8th  just  Fifth 

"Up  from  ffl'b  will  coincide  with/"b,  and  the  5th  just  Fifth  up  from  f/b 

"^ill  be  sharper  than  Jd"tt  5  by  p,  which  is  indistinguishable.    Assume  the 

identities  and  repeat  as  in  (14a).     The  major  Thirds  between  columns 

1  and  2,  3  and  4,  6  and  7,  7  and  8,  and  8  and  9  as  far  as  line  t  in  the 

last,  will  be  too  flat  by  a  skhisma  as  in  skhismic  intonation,  the  remaining 

'^jor  Thirds  between  columns  8  and  9,  and  between  columns  9  and  10  to 

^^©  ty  and  the  major  Thirds  between  columns  2  and  3  will  be  too  flat  by 

•bout  ^  skhisma,  which  is  audibly  indistinguishable  from  a  skhisma,  and 

*>  on  for  further  columns  for  over. 
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Eqval  Temperament  is  realised  on  an  ordinary  manual. 

Commadc  Uniform  Temperamenty  so  &r  as  the  tones  Eb,  Bb,  F,  C,  G, 
D,  A,  E,  B,  F8 ,  C8  9  G8 ,  and  no  others,  are  concerned,  can  also  be  played 
on  the  same  manual,  which  was  specially  constructed  for  that  purpose. 

Saunders's  '  Tilting  Action,  as  I  shall  call  it  in  future  referenceR, 
allows  the  number  of  tones  on  harmoniums  to  be  doubled  by  twelve 
stops.  Thus  the  harmonium  vibrators  are  arranged  in  two  series,  the 
latgc  letters  representing  the  tones  excited  by  long  or  white  digitals,  and 
the  small  letters  those  excited  by  short  or  black  digitals,  on  a  manual  of 
the  usual  form,  the  two  tones  written  over  one  another  being  excited  by 
the  same  digital : 

Baclc.     B8    db    08  8    eb    Fb     E8   gb    F8  8    ab    08  8    bb    Cb 
Front.    C      c8     D        d8    E        F     «      G        g8    A         a8    B 

When  no  stops  are  drawn  out  the  arrangement  is  that  of  the  front 
series,  where  the  long  white  digitals  are  natural  and  the  short  black  digitals 
are  the  sharps.  On  pulling  out  a  stop,  the  vibrators  of  its  name  in  the 
front  series  throughout  the  octaves  of  the  instrument  are  damped,  and  the 
corresponding  vibrators  in  the  back  series  come  into  action.  Thus  a8  is 
changed  to  bb,  and  d8  to  eb^  and  then  the  series  of  notes  speaking  to 
the  pressure  of  the  digitals  is 

C      c8     D        eb   E       F     ft      G        g8    A         bb    B 

which  are  the  twelve  tones  of  the  old-fashioned  manual.  On  pushing  the 
stop  in  the  previous  intonation  is  restored.  The  arrangement,  which  I 
have  personally  tested,  works  well,  and,  as  will  be  seen  in  Section  G,  is 
valuable  for  many  purposes.' 

The  Skhismatic  System  of  Uniform  Temperament  requires  altogether 
new  contrivances,  described  in  Section  G,  of  which  the  principal  is  that  of 
Mr.  Bosanquet,  Table  IX. 

It  must  be  always  understood,  in  futtu-e  investigations,  that  all  theory 
refers  to  just  intonation  only,  and  that  any  tempered  intonation,  even  when 
so  good  as  skhistic,  or  practically  just,  or  Bosanquet's,  is  a  mere  practical 
substitute.  To  found  any  harmonic  theories  on  the  synonymity  of  tones 
in  any  temperament,  when  there  is  known  to  be  no  synonymity  in  nature, 
and  when  the  artificial  synonymity  thus  engendered  varies  from  tempera- 

>  It  consists  essentially  of  applying  twelve  rollen,  below  the  vibrators,  one  for 
each  note,  carrying  arms  which  on  the  rollers  being  made  to  revolve  slightly  by  the 
stops,  damp  a  note  in  each  Octave  of  the  front  and  back  vibrators  alternately.  For 
details  reference  should  be  made  to  Mr.  Saunders,  at  £.  Lachenal*8  Concertina  Manu- 
factory, 4  Little  James  Street,  Bedford  Row,  W.C.  His  harmonium  was  shewn 
when  my  paper  on  Musical  Buodenes  (p.  641)  was  read  before  the  Royal  Society,  and 
also  before  the  Musical  Association. 
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ment  to  temperament,  is  only  oompcnble  to  deducing  geometrical  con- 
clonoDs  from  the  mere  pnurtical  constmctioii  of  figures.  Both  tempered 
intonation  and  practical  drawing  are  of  great  ralue  for  giving  conceptiooB 
of  the  resiiltA  with  more  or  leas  correctneaa,  which  are  difficult  to  obtain 
otherwi?ie,  but  no  further.  Eren  equal  temperament,  like  the  hjpotheflis 
of  circular  planetary-  orbits  all  in  one  plane,  is  extremely  uselul  for  rough 
results.  But  musical  theory  founded  on  equal  tempeimment  would  be 
just  as  rickety  a  contriranoe  as  astronomy  founded  on  circular  co-planar 
orbidty — ^that  is,  simply  ridiculous  as  a  part  of  science. 


SECTION  D. 

SCALES  OF   QUINTAL   AND  TERTIAN   HARMONT. 

Harmony,  which  is  due  to  consonance,  is  of  four  kinds : 

1 )  Odtaval  Harmony y  taking  account  of  ^e  consonance  of  an  Octave  2 
only,  as  in  equally  tempered  intonation,  which  has  only  this  one  conso- 
nance, and  a  variety  of  rougher  or  smoother  dissonances. 

2)  Quintal  Harmony,  taking  account  of  both  Octave  and  Fifth,  and 
hence  possesHing  such  consonances  as  the  Octave  2,  double  Octave  4,  Fifth 
j,  Twelfth  3  (or  the  extension  of  a  Fifth  by  an  Octave),  Fourth  J  (or  the 
defect  of  a  Fifth  from  an  Octave),  and  Eleventh  f  (or  the  extension  of  a 
Fourth  by  an  Octave),  but  no  others.*  On  this  were  founded  the  quintal 
scales  mentioned  below,  but  wliether  the  nations  using  those  scales  ever 
sany  any  consonances  but  the  Octave  remains  doubtful. 

3)  Tertian  Harmony y  taking  accotmt  of  the  consonances  of  the  Octave 
2,  Fiftb  J,  and  major  Third  |,  and  those  derived  from  them ;  this  is  the 
modem  theoretical  harmony,  considered  below. 

4 )  Septimal  Harmofiy,  taking  an  account  oftlie  consonances  of  the  Octave 
2,  Fifth  ^,  major  Third  J,  subminor  Seventli  J,  and  those  derived  from  them. 

'  This  is  thus  expressly  laid  dowu  by  Euclid,  •  Introd.  Ilarm./  p.  12,  ed.  Meibom: 
trifipwya  94  i<mv  4v  r^  ificra/S^^A^^  ffva-rfifiari  l(;  iXdxivrop  fi^tf  rh  Siik  r^awipmv, 
r6ymv  96o  rjfilffttts,  .  .  .  Ztmpoy  8i  rh  8<a^  irivrt^  r6yetp  rpmy  rifita^ws  .  . .  rplror  W 
T^  8i&  waffuy,  rSvvy  l(  . . .  riraprov  8i  t^  iA  wcur»v  icol  Btit  rttrtrdp^p,  r6vwv  hxrit 
4lfi(<rfvs  . . .  wifiirroy  «i  rh  ««4  watr&v  icol  8.^  witrrt,  r6potr  ipvia  iifii<rtms  . . . 
tiKroy  9k  rh  9U  8<4  iroff&v,  r6vwv  Sc^cica  ...  bl\  t^j  ^yris  r&mos  afi^trai  /idxp^  t«v 
iy96ov  avfj^vov,  Birtp  4<rrl  9\s  9iit  tmtwv  Koi,  Ith,  r€<r<rdpmp  (-\{L,  an  eighteenthX  ««i 
82 J  8t&  watr&y  «ra2  Hiit  ir^vrt  (4?-.  a  ninet«eiit!i).  9id<f>afpa  94  itrri  rd  rt  iXirrm  rmw  8i^ 
TcaerdfMtfv  (especially  enumeratod  on  p.  8  as  8/«<r«f ,  7ifitr6yioy,  r6pos,  rpiiiiur6pioy,  Zlropor, 
the  two  last  being  the  Pythagorean  minor  and  major  Thirds  p  and  Jl),  icol  fura^b  rmv 
•Ipij^tiivmv  iTvfup^y»y  ndma.    Compare  Gaudentius,  ed.  Meibom,  p.  1 2. 
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This  is  the  harmony  mentioned  on  p.  534,  note,  and  provided  for  by  Mr.  Poole 
(below.  Section  F).  It  is  yet  far  too  undeveloped  to  be  further  considered 
here,  and  the  observations  on  p.  296  (text  and  note  2)  and  p.  330  tend 
to  render  it  doubtful  whether  any  substantive  theory  of  harmony  founded 
upon  the  subminor  Seventh  should  be  attempted.  Even  the  advantage  of 
using  this  interval  to  diminish  the  roughness  of  .certain  dissonances  in 
tertian  harmony,  is  doubtful,  because  of  the  trouble  that  it  would  occasion 
the  ear  in  following  the  progression  of  parts,  and  grasping  the  tonality  of 
the  whole  piece  of  music. 

A.  Scales  of  Quintal  Harmony. 

Five-Fifths  Scales  consist  of  five  tones  which  can  be  arranged  so  as  to 
form  four  Fifths.  The  pitch  of  all  of  these  is  known  when  that  of  one  is 
knoAvn.  By  5  .  C  .  2  .  represent  such  a  scale,  of  which  C  is  the  second 
tone  in  order  of  Fifths,  asFxCxGxDx  f  A,  implying  also  that 
the  piece  of  music  in  which  it  occurs  ends  on  this  G.  See  the  complete 
series  of  these  scales  in  Table  III.,  A. 

Seven- Fifths  Scales  consist  of  seven  tones,  which  can  be  arranged  so  as 
to  form  six  Fifths.  The  pitch  of  all  of  these  is  also  known  when  that  of  one 
is  known.  By  7  .  C  .  2  .  represent  such  a  scale,  of  which  C  is  the  second 
tone  in  order  of  Fifths,  asFxCxGxDxfAxtEx  t^>  i^^- 
plying  also  that  the  piece  of  music  in  which  it  occurs  ends  on  this  G. 
These  comprise  the  Greek  modes.     See  the  complete  series  in  Table  III.,  B. 

Seventeen- Fifths  Scales.  These  are  scales  formed  by  selecting  tones 
from  a  series  of  seventeen,  forming  sixteen  perfect  fifths,  and  include  the 
Arabic  and  Persian  scales  considered  on  pp.  431-436.  Afler  re-examin- 
ing Kiesewetter's  work  (p.  431,  note  2)  I  feel  that  we  cannot  perfectly 
comprehend  the  meaning  of  the  Arabic  and  Persian  theoreticians  without 
referring  to  the  original  texts,  and  deducing  conclusions  on  a  scientific 
basis,  independent  of  that  equally  tempered  notion  of  the  nature  of  music 
which  seems  to  have  prevented  Kiesewetter  from  thoroughly  understanding 
what  he  had  to  explain. 

B.  Scales  of  Tertian  Harmony. 

Such  scales  will  be  called  simply  harmonic.  They  are  baaed  on  the 
principle  that  every  tone  in  the  scale  will  form  a  major  or  minor  consonant 
triad  with  two  other  tmies  in  the  same  scale.  This  excludes  quintal  and 
septimal  scales,  and  all  tempered  scales,  and  reduces  the  latter  to  merely 
mechanical  attempts  at  conveying  a  more  or  less  accurate  notion  of  the 
nature  of  tertian  harmonies,  which  imply  just  intonation.  The  principle 
which  renders  the  construction  of  such  scales  possible  is  shewn  by  the 
table  on  p.  480.  The  following  development  of  this  principle  was  first 
given  in  my  paper  on  Duodenes  (p.  641)  for  the  purpose  of  determining 
the  niunber  of  tones  required  by  modem  modolational  music. 


662  ADDITIONS  BY  THE  TRAKSUITOB.  Afp.  XIX  D. 

The  Harmonic  Elements  are  the  FifthB,  the  major  and  minor  Thirds, 
with  their  extensions,  inyeraons,  and  extensions  of  their  inrersionsy  which 
will  include  all  the  forms  on  p.  289,  note  1.  Referred  to  the  same  Fint 
these  may  be  considered  to  be  included  in  the  fomiB  C  X  6,  G  +  £, 
C  —  fEb ,  where  the  Roman  letter,  as  it  does  not  define  anj  OctaTe,  allowB 
either  constituent  or  both  of  the  constituents  of  an  element,  to  be  taken 
any  number  of  Octaves  higher  or  lower. 

The  Harmonic  Cell  or  Unit  of  Concord. 
Staff  NotatioQ.  Letter  NoUtion.  Solfeggio  NotatkMi. 


^^=^^=^=^^        ^^'  c 


Mo  So 
C  £  Ih 

This  consists  of  the  three  harmonic  elements  C  x  G,  C  +  E,  C— fE^, 
referred  to  the  same  First,  C.  The  staff  notation  is  symmetrical,  the 
major  Tliird  being  placed  on  the  right,  and  the  minor  Third  on  die 
left.  Tlic  Letter  and  Solfeggio  notations  are  unsynmietrical.  The 
major  Thirds  C  +  E,  fEb  +  G  are  horizontal  to  the  right;  the  Fiith 
C  X  G  is  vertical  upwards,  and  the  minor  Thirds  C  --  +Eb,  E  —  G 
oblique  from  below  to  the  left  upwards.  This  relative  position  replaces 
the  symbols  + ,  x ,  — .  In  all  three  diagrams  the  form  is  rhombic  The 
Fifth  C  X  G  forms  the  vertical  axis,  the  major  Third  E  the  right  pole, 
and  the  minor  Third  fEb  the  left  pole.  The  low  sharp  fEb  x  i  +*  B 
forms  the  polar  axis.  This  cell,  whence  all  tertian  harmony  is  developed^ 
contains  the  major  triad  C  +  E  —  G  on  the  right,  and  the  minor  triad 
C  —  fEb  +  G  on  the  left,  having  the  same  First  C,  and  therefore  the 
same  Fifth  G.  By  the  convention  of  pitch  in  the  elements,  and  a  further 
convention  by  which  Octaves  may  bo  used  simultaneously  with  the  pri- 
mary tones,  tliese  triads  represent  all  concords  in  all  positions,  as  in 
Chap.  XII.  The  example  is  a  C-cell.  Cells  to  any  First  may  be  formed 
by  taking  any  tone  in  Tables  IV.  and  V.  as  the  First,  with  the  tone  on 
its  right,  the  tone  above  it,  and  the  tone  to  the  left  of  this  last.  The 
solfeggio  names  throughout  have  Italian  vowels,  and  are  modelled  (with 
some  necessary  changes)  on  those  used  in  the  Tonic  Sol-fu  system^  for 
the  use  of  singers.     The  Do  may  have  any  pitch  whatever. 

21ie  Harmonic  Heptad  or  Unit  oj  Chord-Relationship. 

St4iff  Notation.  Letter  Notation.        Solfeggio  Notatico. 


fe 


j-h'^'^ — ^irgz 


W. 


tEb    G 

Mo    So 

tAb   C  E 

Lo    Do 

Mi 

F  A 

Fa 

La 
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This  consists  of  two  cells,  the  First  of  the  upper  cell  being  the  Fifth  of 
the  lower  cell.  The  staff  notation  forms  a  regular  hexagon,  with  the  First 
in  its  centre.  These  seven  notes  give  rise  to  the  name.  The  vertical 
axis  is  F  X  C  X  G,  the  line  of  Fifths;  the  major  Thirds  are  on  the  right, 
the  minor  on  the  left.  The  horizontal  axis  f  Afc>  +  C  +  ^  contains  two 
major  Thirds. .  The  poles  are  A  the  major  Sixth,  and  j'Eb  the  minor 
Third.  This  form  contains  all  the  three  major  and  three  minor  triads, 
into  which  the  first  enters ;  namely,  the  four  cell  triads  F  +  A  —  C, 
C  +  E  —  G,  F  -  ^Ab  -f  C,  C  -  tE»'  +  G ;  and  the  two  union  triads 
(which  connect  the  cells  and  arise  from  their  union),  the  minor  A  —  G  +  E 
on  the  right,  and  the  major  f  Ab  +  G  —  j'Eb  on  the  left.  It  also  contains  all 
the  con-dissonant  triads  (p.  526,  note  1)  which  have  two  tones  consonant 
with  G  and  dissonant  with  each  other.  Of  these  the  horizontal  axis 
j'Ab  +  G  +  E,  which  I  term  a  trine,  is  an  important  element  in  future 
constructions.  Hence  the  heptad  contains  all  consonant  and  oon-dissonant 
triads  related  by  having  one  common  tone,  as  C.  The  example  is  the  heptad 
of  C,  and  the  central  tone  is  its  First  By  Tables  lY.  and  Y.  heptads  may 
be  constructed  to  any  First.  The  reader  will  feel  the  nature  of  the  con- 
nection of  these  chords  better  if,  on  a  justly-intoned  instrument  (as  the 
just  harmonium.  Section  G,  No.  2),  he  holds  down  the  G,  and  then  plays 
the  six  triads,  in  every  position  given  on  pp.  333-8. 

The  Harmonic  Decad  or  Unit  of  Harmony, 
Staff  Notation.  Letter  Notation.         Solfeggio  Notation. 

tBb     D  To  He 

tEb     G     B  Mo  So  Ti 

^— y  JAb     G     E  Lo  Do  Mi 

FA  Fa  La 


-^ 


-^ 


t 


^- 


-Gh 


On  a  given  harmonic  cell  with  G  as  its  First  construct  two  others, 
having  the  First  and  Fifth  of  the  original  cell  for  their  Fifth  and  First 
respectively  (in  inverse  order  therefore).  The  decad  (so  called  from  ita 
having  ten  tones)  is  the  complete  vertical  development  of  the  original  cell, 
upwards  and  downwards,  and  the  First,  G,  of  that  cell  is  called  the  tonic 
of  the  decad.  The  three  cells  from  lowest  to  highest  are  called  the 
subdominantj  tonic,  and  dominant  cells. 

The  decad,  therefore,  contains  two  heptads  having  a  common  cell,  form- 
ing its  nucleus.  Its  vertical  axis  is  the  line  of  Fiftlis.  Its  horizontal  axis  ia 
doubled,  and  has  two  trines.  Its  poles  are  the  major  Sixth  A  and  high  minor 
Seventh  fBb.  It  contains  ten  consonant  triads;  three  cell  major  triads, 
and  three  cell  minor  triads ;  two  union  minor  triads  on  the  right  or  major 
side,  and  two  union  major  triads  on  the  left  or  minor  side.  It  has  all  the 
discords  possible  without  modulating.  By  help  of  Tables  IV.  and  V. 
decads  may  be  conbtructed  to  any  tonic 
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Harmonic  Trichordals  and  their  Scales.    A  trichordal  consistB  of  one 
triad  from  each  of  the  three  cells  of  a  decad.     Eight  such  trichordals  maj 
he  formed.  Name  them  by  abbreviating  the  words '  major  triad'  and  'minor 
triad  *  into  ma,  mi  (with  Italian  vowel  sounds),  repeated,  witdi  equal  stress^ 
in  the  order  of  the  chords  from  the  lowest  or  subdominant,  through  the 
middle  or  tonic,  up  to  the  highest  or  dominant,  thus  immediately  recalling 
their  construction  by  the  words:  mamama,  mimama,  mamima^  mimima; 
mamaviiy  mimamt,  mamimiy  mimimi.     The  seven  tones  contained  in  any 
trichordal,  when  reduced  to  a  single  Octave,  necessarily  form  an  harmonic 
scaUy  as  above  defined,  because  each   tone  in  them  is  harmonic  or  re- 
ferable to  one  or  more  consonant  triads  belonging  to  the  related  triads 
of  a  decad. 

It  is  possible  to  commence  and  end  the  scale  by  any  one  of  these  har- 
monic tones.  Thus  are  formed  the  seven  viodes  or  scales  of  each  of  the 
eight  trichordals,  or  fifly-six  in  all.  These  modes  answer  to  the  Greek  modes^ 
but  they  are  not  the  Ramc,  because  the  Greek  scales  did  not  consist  of 
harmonic  tones.  To  indicate  whether  the  scale  begins  with  the  Fint 
(/>rima),  the  Third  (fertia),  or  the  Fifth  (^tiinta)  of  any  triad  in  the  tri- 
chordal, change  the  initial  letter  m  of  the  name  of  that  chord  in  the  tri- 
chordal to  Pj  t,  qu  respectively,  and  in  reading  accent  that  syllable.  Sinoe 
the  Fifth  of  the  first  or  second  chord  is  the  First  of  the  next  ibllowing,  the 
initial  qu  is  required  only  for  the  third  chord.  Thus  the  six  cases  of  the 
table  on  p.  480  respectively,  and  hence  the  whole  table,  will  be  represented 
by  the  six  words:  miphni^  mapimi,  mapdmi,  mapdma^  mipdma^  mipma. 
The  name  of  the  tonic  of  tlie  decad  should  be  prefixed  to  the  name  of  the 
scale,  as  C  mapdma^  which  is  equivalent  to  C  major.  Many  scales  in 
different  trichordals  of  the  same  decad  are  included  under  the  name  of  G 
minor,  but  this  expression  may  be  generally  held  to  mean  the  three  scales, 
C  mipvnay  or  C  mapima  ascending,  and  C  miptmi  descending.  For  this 
reason  it  is  better  to  speak  of  a  piece  of  music  as  being  in  a  certain  dtcady 
than  as  of  being  in  a  certain  kei/. 

In  Table  III.  C,  a  complete  list  is  given  of  all  the  trichordals  and  their 
scales.  Each  trichordal  has  its  chordal  system  exhibited  as  on  p.  519,  but 
with  solfeggio  names,  which  apply  equally  to  all  decads,  as  the  do  is 
variable.  The  scales  are  taken  from  different  decads  in  order  to  make 
every  scale  commence  with  C,  and  the  whole  may  be  immediately  verified 
by  forming  these  decads  by  Tables  IV.  and  V.  In  writing  out  the  scales 
the  exact  interval  between  each  pair  of  tones  is  marked,  as  on  p.  644, 
shewing  their  different  nature.  Whenever  any  of  those  scales  has  been 
referred  to,  and  named  in  the  text,  the  nanio  proposed  is  added  with  a 
reference  to  the  page.  Whenever  in  Ta)>le  III.  A  and  B,  one  of  the  Five* 
Fifths  or  Seven-Fifths  scales  can  be  reduced  by  altering  some  of  its  tones 
by  a  oorama  to  one  of  these  liarnionic  scales,  cross  references  are  givwi  to 
facilitate  conipiurison.     It  is  possible  on  the  experimental  liarmonium  de* 
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Bcnbed  in  Section  G,  No.  2,  to  examine  the  effect  of  all  these  trichordals 
and  scales  in  the  decad  of  C,  and  try  the  effect  of  all  their  peculiar  and 
distinctive  harmonies  and  cadences.  Such  examinations  are  indispensable 
for  their  proper  appreciation,  as  an  equally  tempered  instrument  obliterates 
tlieir  delicate  distinctions. 


SECTION  R 

ON   MODULATION,    DECADATION,   AND   DUODENATION. 

Modulation  is  properly  a  change  of  mode,  that  is,  of  scale  within  the 
same  trichordal.  But  such  changes  of  mode  are  no  longer  made  con- 
sciously, each  trichordal  being  generally  represented  by  a  single  scale  be- 
ginning with  the  tonic.  Modulation  should  then  be  applied  to  the  change 
of  trichordal  within  the  same  decad.  But  as  the  modem  minor  com- 
prises three  trichordals,  mimima,  mamima,  mimimi,  and  is  yet  looked 
upon  as  a  single  mode,  these  changes  are  not  regarded  as  modulations, 
although  a  change  from  mamama  to  any  other  trichordal  in  the  same 
decad,  or  conversely,  is  considered  as  a  modulation  from  the  major  into 
the  synonymous  minor,  or  conversely,  as  from  C  mapdma  to  C  mipima. 
The  more  usual  changes  require  an  alteration  of  decad  as  well  as  of  tri- 
chordal, and  although  by  a  great  extension  of  language  they  may  still  be 
called  modulations,  I  prefer  calling  them  decadations. 

They  arise  thus  :  On  examining  the  decad  of  C  in  the  scheme  on  p.  666 
it  is  eitsily  seen  that  the  C  and  G  cells  might  be  ^e  sub-dominant  and 
dominant  cells  of  a  new  tonic  G ;  and  that  the  F  and  C  cells  might  be  the 
tonic  and  dominant  cells  of  a  new  tonic  F.  Similarly  the  three  tones  A, 
E,  B,  to  the  right  only  require  completion  by  a  Fifth  above,  as  F8 ,  or  a 
Fifth  below,  as  }D,  to  form  the  vertical  axis  of  a  new  decad  with  tonic  E 
or  tonic  A  as  the  case  may  be,  of  which  the  two  cell  triads,  A  —  C  +  E, 
E  —  G  +  B,  already  exist  as  imion  triads  in  the  original  decad«  And  in 
the  same  way  the  three  tones,  fAb,  fEb,  ^Bbj  on  being  completed  by  a 
Fifth  fF  above,  or  a  Fifth  Db  below,  would  be  ^e  vertical  axis  of  a  new 
decad  with  tonic  fEb  or  fAb ,  as  the  case  may  be,  of  which  the  two  cell  triads, 
fAb  -t-  C  —  t^**'  t^*^  +  G  —  tBb  ap|)ear  as  union  triads  in  the  origi- 
nal decad.  Every  chord  of  a  decad  is  therefore  ambtguouSy  or  may  belong 
to  other  decads.  Each  new  decad  is  liable  to  similar  alterations.  This 
change  of  one  decad  to  another  is  called  decadation.  To  determine  the 
number  of  tones  necessary  to  provide  on  instruments  with  fixed  tones  in 
order  to  execute  all  such  music  as  now  exists  (which  abounds  in  such  de- 
cadations) it  is  necessary  to  determine  the  extent  of  tonic  decadation  (that 
is,  such  decadation  as  is  consistent  with  a  conscious  retention  of  relation- 
ship to  the  original  tonic)  and  also  the  extent  of  variability  in  the  original 
tonic  itself. 
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Suff  Noution. 


The  liiite  notes  and 
capital  letters  shew  ths 
onginal  decad,  the  hlack 
notes  and  small  letters 
the  additions  necessary  to 
form  new  decads. 


tdb 

tgf 
tcb 

tfb 


Letter  Notation. 

tf 

ta 

tBb 

D 

fs 

tEb 

G 

B 

tAb 

C 

E 

db 

F 

A 

bbjd 


Jdj 


ru 

su 
du 


Solfeggio  Notation. 

fo 

le 

To 

Re 

fi 

Mo 

So 

Ti 

Lo 

Do 

Mi 

ro 

Fa 

La 

ta 


ra 


n 
ee 

de 


On  every  tone  of  a  heptad  (as  the  C  or  Do  heptad,  in  the  example) 
taken  as  a  tonic,  construct  a  decad,  and  thus  form  seven  related  decads, 
indicated  by  the  name  hepta-decad. 

There  are  two  vertical  decads,  which,  as  is  seen  by  the  capital  letters,  each 
retjiin  seven  tones  of  the  original  decad,  and  consequently  introduce  only 
three  new  tones.  Extracted  from  the  above  figure  these  decads  are  as 
follows : 


Dominant  Decad, 
Or  So  decad  of  C\  bciug  that  of  G. 

tf         ta 

tBb        D  fj 

JEb       G  B 

C  E 


SUBDOMIICAMT  DsCAD,  * 

Or  Fa  decad  of  C,  being  that  of  F. 
tEb       G 
tAb       C       E 
db        F       A 
bb    Jd 


Of  the  tones  in  the  dominant  or  So  decad,  two,  (tf,  ta),  differ  from  two 
(P,  A)  in  the  original  decad,  by  a  comma  (t )  only,  and  one  (ft  )  by  a  sharp 
(j  ).  But  in  the  suMominant  or  Fa  decad,  two,  (db,  bb  ),  differ  from  two 
original  tones  by  a  sharp,  (I  or  b  ),and  one  (Jd)  by  a  comma,  (f  or  J).  Hence 
the  dominant  decad  is  the  more  nearly  related  to  the  tonic  decad,  and,  as  a 
matter  of  (act,  dominant  is  more  frequent  than  subdominant  decadation. 

There  are  four  lateral  decads  which  when  similarly  treated  appear  as : 


LhFT   HKLATIVa  DSCAD, 

Or  Mo  docaJ  of  C,  being  that  of  fEb . 

tdb        tf 

tgb        tBb  D 

fcb       tEb  G 

tAb  C 


Right  bxlativb  Decad, 
Or  La  decad  of  C,  being  that  of  A. 

G       B 

C       E       Jg« 

F       A       Jc« 
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Lbpt  cobbblatitii 

Dbcad,                           Biobt  cobbblatttb  Dkad, 

Or  Lo  decad  of  C,  being  that  of  fAb .            Oi  Mi  deead  of  C,  being  that  of  £. 

tgl» 

tBb 

D 

f« 

tcb 

tEb 

6 

G 

B      tds 

tf» 

tAb 

C 

C 

E      tg« 

db 

F 

A      Jc« 
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It  is  thus  seen  that  the  relative  decads  have  each  six  tones  an  common 
with  the  tonic  decad,  and  hence  introduce  four  new  tones,  of  which  three 
differ  by  a  low  sharp  (or  high  flat)  and  one  by  a  comma  from  the  original 
tones.  The  correlative  decads  have  likewise  six  tones  in  common  with  the 
tonic  decad,  and  of  the  four  new  tones,  three  likewise  differ  by  a  low  sharp 
(or  high  flat),  but  the  fourth  differs  by  a  whole  sharp  (or  flat).  Hence 
the  correlative  are  less  nearly  related  to  the  tonic  than  the  relative.  Ab 
the  right  relative  or  La  decad  is  most  nearly  related  to  the  major  or 
mamama  trichordal  of  the  tonic  decad,  and  as  this  trichordal  is  by  far  the 
most  commonly  used,  decadations  into  the  La  decad  are  most  frequent. 
And  as  in  commatic  temperaments,  on  which  so  much  of  musical  practice 
(and  theory,  too,  imfortunately)  is  founded,  }d  was  not  distinguished  from 
D,  the  La  decad  was  supposed  to  have  seven  tones  in  common  with  the 
tonic,  suflicient  to  form  the  mimimi  trichordal.  This  view  was,  of  course, 
suggested  by  the  false  identification  of  Tertian  with  Seven-Fifths  scales, 
so  that  the  major  was  supposed  to  be  C  D  f E  F  G  fA  fB  c,  that  is  to 
say,  7  .  C  .  2,  and  the  minor  to  be  f  A  fB  c  d  "fe  f  g  fa,  that  is  to  say, 
7  .  t A  .  5,  a  difference  merely  of  mode.  Hence  the  modulations  from 
the  major  of  the  tonic  to  the  minor  of  the  La  decad  is  most  common,  and 
hence  the  minor  is  generally  called  the  relative  minor  of  the  tonic  simply  ; 
and  upon  this  relationship  the  theory  of  the  minor  scale  has  sometimes 
been  founded,  though  such  a  view  appears  to  be  imperfect  and  unsystematic 

The  heptadecad  as  first  figured  contains  all  these  six  decads  in  addition 
to  the  tonic,  and  forms  them,  as  will  be  seen  by  the  capitals  and  small 
letters,  by  using  fourteen  new  tones,  or  twenty-four  tones  in  all.  On 
account  of  the  frequency  of  these  first  decadations  or  modulations  the 
singer  should  become  familiar  with  the  ^  mental  effects '  of  all  the  tones  in 
a  heptadecad  (involving  many  in  addition  to  those  cited  on  p.  429,  note), 
and  for  this  the  solfeggio  names  will  be  found  peculiarly  serviceable. 

Tetrachordal  Scales  produce  the  ambiguities  referred  to  on  p.  460, 
note.  A  tetrachordal  consists  of  one  triad  from  .each  of  four  cells,  of 
which  the  three  first  and  three  last  separately  form  a  decad.  A  tetra- 
chordal therefore  contains  9  tones.  Arranging  them  in  order  of  Thirds, 
if  we  reject  the  two  first  or  the  two  last  tones  we  have  two  ordinary 
trichordals,  but  if  we  reject  only  the  first  and  last  tone  wo  have  a  real 
tetrachordal  scale.  Sufficient  details  will  be  found  in  Table  HI.,  D.  It  is 
observable  that  even  when  these  seven  tetrachordal  tones  are  used  in  the 
melody,  the  harmony  generally  fills  up  the  complete  tetrachordal,  and 
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The  Harmonic  Ihpta-Decad  or  Unit  of  ocadadon,  greatly 

tempered  treatment 
Siuflf  Notation.  ^^  ^^^  as  a  real  minor 

•j^i:r^.r;i^.z:^:^^[     Tftg""— S*^:^'  '/  ^®  received  theory  of 

^  "5^ - ^^ — 'fc!"7rj — iL^ — /S'^~^  '^^'^  frequent  recou rse  to  one 

i  ' " 


b-<  lable  III.,  D,  I.,  Ex.  1  and  2), 

•         "^       "^  n.^ "L.^: ij^ 


tgb 


tAb 


On 


-  -  ^ ' 9^ J^=^ — IT  j;iich  changes  as  decadations. 

•/  DuodewitioHy  is  a  series  of  twelve 
Letter  XoUtion.  .irdinary  pianoforte  manual,  having  the 

fdb  tf ta  1  an  oblong  on  the  diagram  of  the  hepta- 

^l\\f       D  .:iO  duodcne  of  C  and  Do.      It  consists  of 

.pj^  .:  arc  trincs  of  major  Tliirds;  the  lowest  or  «i5- 

;   +  A;  the  next  or  tofu'c  trine   fAb  +  C  +  E; 

,Ni' tKb   4-  G  +  B;  and  the  highest  or  ^/7it'/v/o//mm7i< 

^FJ.      It.  also   consists  of  three  vertical  columns  or 

fitlhs;  \ho  minor  Third,  minor^  or  left-hand  quaternion 

■^"  *Kb  X  t'^b  :     the   Fitih,    radicoly   or   central    quaternion 

^^'"      .  '^^|  V  n  :  ami  the  major  Third,  major,  or  right-hand  quateraion 

.    1-         . '  *  W  X  F5  .  Fn.ni  tlieae  detenninate  conditions  a  duodeno  can  be 
inci  a'  •< 

I  '  A?ii'«<^*^'****^  when  there  arc  given  one  of  its  tones,  and  the  position 

>''•'  jiiflO  i"  *^***  duodiMie,  which  ia  best  assigned  by  its  solfeggio  name, 

/'^jiiodene  lor  which   A  ^  La^  c^r  A  =  Mo.     By  means  of  Tables 

K  gpd  V.  such  dmnlenes  can  be  formed  at  sight.    The  Z)o  of  the  duodene 

/ '//ed  its  root,  and  the  name  of  its  tone  in  that  of  the  duodene ;  tha*«  if 

f^  £fti.  the  ihunlene  is  0 ;  if  A  ^  Ao,  the  duodcnc  is  JCS ;  if  A  =  J/i, 

^duoileiie  is  F:  ami  if  A  =  -1/t),  the  dumlene  is  }F5  .     A  duodene  has 

l2iree  tomes,  torming  the  tonic  trine;  which,  in  the  duodene  of  C,  are  t^b, 

^e  tonic  of  "fKb  wtfpdmti ;  C,  the  tonic  of  C  decad,  and  all  it^  trichordiild 

^d  st'ales;  ami  K,  the  tonic  of  E  mipimi. 

Q'he  smallest  inter\'als  between  two  tones  in  a  duodene  are  the  low 

sliarp  }5  (as  tBb  to  H,  -fKb  to  K,  t Ab  to  A ),  the  sharp  ff  (as  F  to  Fj ,  Db 

to  n).  and  the  semitone  jj  i  =  { g  (as  F«  to  G,  B  to  C,  E  to  F,  D  to  fEb, 

(t  to+Ab,  0  to  Db).     Hence  any  smaller  intervals  imply  a  change  of 

duodene.     Thus   on    referring  to  Table   IV.,  where  the  duodene   of  C 

tills   the  central   oblong,    it   will   lie   scon   that    if   we    take    the  trine 

+F  +  f  A  +  C5    above  the  suiH?rdominant   trine,    and  compare  it  with 

the  subdoniinant  trine  Db  +  F  -f  A.  two  tones,  +F,  f  A,  in  the  former  are 

a  comma  higher  tlian  two,  F,  A,  in  the  latter ;  and  one  tone  Cff ,  is  Hatter 

than  the  remaining  tone   of  the  latter   Db,  by  a  diaskhisma   (see  Table 

II.,  No.  iM,  or  nearly  {J  comma,  fj-    (Vmiariiiir  ihe  trine  below  the  sub- 

doniinani.Gb  -I-  Bb  +  JD.wiih  the suix)rdi»minant  trine  tBb  +  D  +  FJ, 

wo  tind  two  tones  Bb,}l>   lower  by  a  comma,  and  one  tone  Gb  higher 

by  a  diaskhisma,  or  nearly  {'J  comma,  in  the  lirst  than  in  the  last.     But 

if  we    take    the    (juaternion    to    the    right    of    the   major    quaternion, 
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G5    X  {D5  X  AI,  and  compare    it  with   the  original  minor 

Pb   X  fAb  X  fEb   X  fBb,  we  find  that  each  tone  of  the 

''^r  than  the  corresponding  tone  of  the  latter  by  a  diesis  +tj^ 

<  '  )  or  nearly  f  |  comma.     These  small  intervals  then  arise 

dene  or  duodenation  ;  and  their  absence  serves  strictly 
1  a  single  duodene.^ 
k^  i.iy  be  vertical  or  lateral.  Vertical  duodenation  proceeds 

II  iiieSy  one  being  cut  off  at  bottom  and  another  added  at  top, 
•  V.    Hence  the  same  trine  forms  part  of  four  different  duodenes 
by  vertical  duodenations.     Thus  fBb  +  D  +  FI    is  a  super- 
:iant  trine  in  the  C,  a  dominant  trine  in  the  G,  a  tonic  trine  in  the 
,  and  a  subdominant  trine  in  the  f  A  duodene.  But  after  4  vertical  duo- 
denations there  is  no  trace  of  the  original  or  radical  duodene.     Hence 
vertical  radical  duodenation^  or  vertical  change  into  a  duodene  which  haa 
at  least  one  trine  in  common  with  the  duodene  of  the  original  root,  cannot 
exceed  three  duodenations  up  and  as  many  down,  and  hence  all  the  tones 
of  the  vertical  radical  duodenation  from  C  must  be  contained  in  the  10 
trines  in  Table  IV.,  columns  4,  5,  6,  lines  n  to  ^,  which  are  limited  above 
and  below  by  a  thick  rule. 

Lateral  duodenation,  as  from  the  duodene  of  C  to  that  of  E,  changes  a 
quaternion  at  each  move,  so  that  each  quaternion  forms  part  of  three 

*  It  ifl  worth  while  observing  that  in  equal  temperament,  where  both  f  and  ^  are 
replaced  by  1,  all  these  intervals  t»  tj^t  tt\  become  replaced  by  unisons,  so  that  thero 
is  no  change  of  pitch,  but  merely  alteration  of  position  when  the  duodene  is  changed. 
In  other  words  there  is  but  one  duodene,  in  equal  temperament,  which  is  that  of  the 
ordinary  piano.    This  will  be  still  better  shewn  by  using 

CodDdeEFfgGgaAabB 
for  the  tones  played  by  the  12  digitals  on  a  piano,  thus  avoiding  the  ambiguities  of 
notation,  so  that  the  central  duodene  and  its  ai^acent  trines  and' quaternions  reduce  to 

od  F         A         cd  F 


fg 

where  it  is  seen  that  every  line  is  repeated  by  the  fourth  below  it,  and  every  column 
by  the  third  to  its  right.  The  extreme  imperfections  of  such  a  system  lie  on  the  sor- 
fiice.  But  there  is  a  less  apparent  and  more  dangerous  error.  Since  all  duodenes 
eootain  the  same  tones  as  one  and  no  others,  all  duodenes  are  identical.  Hence  after 
the  most  eztiuvagant  written  duodenations,  implying  the  most  dibtant  modulations 
from  the  originHl  trichordal,  we  are  always  striking  tones  which  are  a  Third  or  a  Fifth 
(in  tempered  intonation)  distant  from  some  tone  in  the  original  key,  and  thus  closely 
Tdated  to  that  key,  to  which  therefore  the  music  can  immediately  return.  This  is 
threatening  to  destroy  the  feeling  of  tonality  and  to  make  music  little  more  than  a 
game  of  permutations  and  combinations  of  twelve  tones. 
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duodenesy  and  afler  d  lateral  duodenatdona  there  ia  no  trace  of  the 
origiDal  or  radical  duodena.  Hence  lateral  radical  duodenation  ezteadB 
to  two  quaternions  to  the  right  and  two  to  the  left.  For  the  duodene  of 
C  it  embraces  the  tones  in  Table  lY.,  cols.  2  to  8,  lines  r  to  u^  limited 
right  and  left  by  thick  rules. 

Each  vertical  duodenation  may  be  combined  with  a  lateral  duodena- 
tion, and  if  we  do  not  exceed  the  radical  limits  each  way,  we  shall  always 
have  a  duodene  which  contains  at  least  one  tone  that  exists  in  the  radical 
duodene,  from  which  therefore  the  transition  to  the  original  tonic  decad  or 
trichordal  is  ready  and  direct  without  in  any  reflect  impairing  the  feeling 
of  tonality.  The  tones  which  lie  within  the  limits  of  general  radical  duo- 
denation for  the  root  C  are  therefore  those  7  x  10  =  70  tones  in  Tabic 
IV.  within  the  large  interior  oblong,  forming  (7  —  2)  x  (10  —  3)  =  35 
duodenes. 

Wider  limits  for  related  tones  are  obtained  by  using  duodenation  in 
place  of  decadation.  The  harmony  still  works  through  decada,  one  of 
which  occupies  the  whole  of  each  duodene  except  the  two  tones  at  its 
upper  right  (or  superdominant  major)  and  lower  left  (or  subdominant 
minor)  extremities.  These  tones,  which  are  F8  and  Db  in  the  duodene 
of  C,  I  propose  to  call  mutators,  as  they  are  essentially  those  which  are 
concerned  in  decadation,  because  each  is  a  constituent  of  two  cells  belonging 
to  vertical  and  lateral  decadation  which  are  themselves  left  incomplete  in 
the  duodene.  Thus,  using  the  small  and  capital  letters  as  in  the  diagram 
of  the  hepta-decad,  it  and  db  enter  as  follows  into  the 

Vertical  Cells        and        Lnteral  Cells. 


tf      ta 

D    ft 


db     F 

bb   Jd 


D     f5 

B       {dl 


db 


Hence  the  duodene  represents  a  decad  in  the  act  of  decadation^  and  it 
thus  first  presented  itself  to  my  mind,  as  the  appropriate  unit  for  appre- 
ciating modulation  in  its  most  extensive  sense. 

The  limits  of  variation  of  the  pitch  of  the  root  of  the  original  duodene 
are  fixed,  by  the  practice  of  musicians,  as  those  of  the  tones  in  the  one 
duodene  on  ordinary  manuals,  independently  of  temperament  and  of  the 
pitch  of  C.  The  variations  of  that  pitch  are  given  by  means  of  the  pitch 
of  c'  and  a'  in  Table  VI.,  C.  This  is  a  question  rather  of  the  mechanical 
construction  of  instruments  and  the  compass  of  individual  voices,  than  of 
general  musical  science.  Hence  passing  it  over,  and  also  disr^arding  the 
differences  between  any  tempered  and  just  intonation  for  the  duodene  of  C, 
which  so  far  as  regulating  initial  pitch  is  concerned  are  insignificant,  we 
may  take  as  the  twelve  original  roots  of  duodenes,  the  twelve  tones  which 


k 
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form  the  duodene  of  C.  Any  other  roots  may  be  regarded  as  only  occur- 
ring  in  the  process  of  duodenation,  and  therefore  abready  provided  for. 
Forming  then  the  limits  of  general  radical  duodenation  of  each  of  these 
twelve  tones  as  an  original  root,  it  is  immediately  seen  that  we  obtain  the 
9  X  13  =  117  tones  of  Table  IV.,  extending  two  lines  higher,  one  line 
lower,  and  one  column  further  both  to  the  right  and  left  than  those  for  C, 
and  forming  only  (9  —  2)  x  (13  —  3)  =  70  duodenes.  It  seems  tome 
that  any  further  duodenation  than  is  thus  shewn  may  be  attributed  simply 
to  the  confusions  of  temperament,  and  that  we  are  therefore  justified  in 
disregarding  them  from  a  scientific  point  of  view.  These  117  tones  and 
70  duodenes  are  therefore  the  just  tones  and  just  duodenes  for  which  we 
have  to  provide.  They  are  given  in  order  of  pitch,  within  the  Octave  of 
e  to  c",  in  Table  VI.,  B,  col.  Just. 

The  Duodenal  is  the  letter-name  of  the  root  of  a  duodene.  The  sym- 
bols in  the  ordinary  staff  notation  have  been  for  so  long  referred  to  equal 
temperament,  that  they  may  be  considered  as  merely  indicating,  within 
limits  of  a  few  comma?,  the  pitch  of  the  tones  in  any  of  the  seventy  duo- 
denes of  Table  IV.  Hence  by  laying  down  as  a  rule  that  when  the  duodenal 
is  prefixed  to  any  piece  in  staff  notation  the  twelve  tones  thus  indicated  are 
to  receive  precisely  the  just  values  which  they  must  have  to  form  the  duodene 
thus  pointed  outy  until  such  time  as  a  new  duodenal  is  employed^  we  shall 
have  a  means  of  reducing  ordinary  to  just  notation  without  introducing 
any  new  sign  on  the  staff  itself  Thus  on  pp.  471,  472,  475,  and  476, 
duodenals  (followed  in  these  examples  by  the  numbers  of  the  duodenes  in 
Tables  VII.  and  VIII. ;  but  this  is  merely  for  practical  convenience,  and 
is  not  only  quite  unnecessary,  but  inexpedient  for  general  #ise,)  point  out 
the  exact  duodenes  to  which  the  tones  are  to  be  accommodated,  as  shewn 
precisely  by  the  analysis  given  in  the  foot-note  to  p.  471  for  the  first 
two  cases.  Observe  in  this  note  that  we  have  first  the  radical  duodene  of 
B,  and  then  for  two  chords  the  subdominant  duodene  of  E,  showing  a 
vertical  descent  in  order  to  give  the  subdominantal  chord  A  +  }CS  —  E, 
which  alters  two  tones.  If,  however,  we  had  preferred  the  dominantal 
form  f  A  +  C8  —  t^,  which  alters  only  one  tone,  and  had  thus  entered 
the  dominant  duodene  of  F8 ,  we  should  have  used  the  duodenal  F8 ,  and 
then  have  had  fa  ct  fe  c"t ,  fa  J<f I  /'I  c  J ,  as  the  third  and  fourth 
chords.  In  either  case  we  have  to  return  to  the  radical  duodeno  of  B 
for  the  next  chord,  and  remain  in  it  till  the  last  bar,  where  we  must 
ascend  to  the  dominant.  It  is  thus  seen  how  the  ambiguity  of  the  mo- 
dulation in  tempered  notation  may  be  resolved  one  way  or  the  otbesr  by 
merely  prefixing  the  duodenal. 

Occasionally  the  duodenal  will  force  equally  tempered  Gb,  which  is 
equivalent  to  equally  tempered  FI ,  to  represent  just  FI  ;  as,  for  example, 
by  prefixing  the  duodenal  C,  which  excludes  Gb.  Similar  cases  often 
arise  for  passing  notes  and  appoggiature,  where  the  ordinary  notation, 
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fbnnded  on   old  Pythagorean  ooDceptions,    is  incompatible    with   just 
intonation.     Again  the  chord  of  the  dominant  Seventh  f+a— c  |  eb  isin 
the  duodene  Bb  or  {D ;  but  if  we  marked  the  duodene  as  A  or  £,  we 
must  mean  f  +  a~cx+'  {dS ,  or  the  chord  of  the   Grerman   Sixth, 
which  in  tempered  intonation  would  be  the  same,  but  as  much  more  har- 
monious might  occasionally  be  substituted  for  it  in  just  intonation.    Again 
the  condisaonance  "^gt  —  b— d,  can  only  occur  in  duodenea  B  or  E,  but  if 
we  wrote  the  duodenal  C  we  should  mean  the  chord  fab   x  +*b  —  d, 
which  is  not  uncommon  as  a  mutilated  form  of  the  chord  of  the  diminished 
Seventh  b  —  d  |  f  —  j^ab  with  the  f  omitted. 

As  the  duodene  has  three  tonics  and  ten  trichordals  (eight  belonging 
to  the  tonic  of  its  decad,  and  one  to  each  of  the  others)  it  may  often 
happen  that  it  is  more  convenient  to  the  performer  (with  such  a  manual 
as  the  duodenart/,  compare  Table  YIII.)  to  have  the  duodenal  marked  irre- 
spective of  the  tonic  in  which  the  tonality  moves,  but  in  such  a  way  as 
will  best  guide  the  fingers  to  the  right  tones.  Thus  on  p.  471  the  duodenal 
F8  is  continued  throughout  the  last  bar,  although  the  tonic  is  evidently 
B  at  the  close.  Similarly  when  the  piece  is  in  C  major  modulating  into 
A  minor,  or  with  a  tendency  to  a  right  lateral  modulation,  it  is  best  perhaps 
to  mark  it,  as  in  the  duodene  of  E  (which  contains  C  major),  descending  to 
that  of  A,  because  this  being  a  simple  vertical  descent  is  more  direct  and 
easier  than  a  combined  vertical  and  lateral  duodenation  from  C  to  A 
But  when  the  scale  is  minor  it  employs  each  of  the  three  quaternions  of 
the  duodene,  which  must  therefore  be  always  shewn  by  the  duodenaL 

If^  however,  the  root  of  the  duodene  be  always  taken  as  the  tonic  of 
the  scale  in  use  at  the  time  being,  the  duodenal  will  mark  the  progress  of 
modulation  whenever  that  requires  a  change  of  decad.     By  combining 
these  duodcnals  with  a  study  of  Table  IV.,  the  meaning,  extent,  and  con- 
nection of  the  most  complicated  modulations  can  be  readily  traced,  and 
the  mere  confusions  of  temperament  sometimes  resulting  in  impossible 
harmonies,  can  be  detected  and  explained.     By  means  of  the  duodenal 
and  this  table  also,  it  is  possible  to  shew  how  commatic  changes  can  be 
made  with  the  least  sacrifice  of  the  connections  pointed  out  by  just  intona- 
tion, so  as  to  restore  the  pitch  and  revert  to  the  original  duodene  instead 
of  to  one  a  comma  lower  or  higher  to  which  just  intonation  would  lead, 
contrary  to  the  intentions  of  Uie  composer,  who  thought  in   tempered 
intonation.     This   may   often  be  effected   by   taking   the   chord  of  the 
dominant  g-f  b— d  |  f,  which  is  in  the  duodene  of  C  or  E,  as  g  +  b— d— f^, 
which  is  in  the  duodene  of  D  or  fA  ;  or  again  by  taking  the  '  false  minor* 
chord  d  I  f  -h  a  (p.  527),  which  is  in  the  duodene  of  C  or  E,  as  either 
d-ff +ta  (in  the  duodenes  of  G,  D,  jA,  fEb,  fBb,  or  fF)  or  as  Jd— f+a 
(in  the  duodenes  of  F,  Bb ,  Eb ,  A,  JD,  or  JG).     Details  belong  to  practical 
works. 
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SECTION  F. 
ON   PRACTICAL   TONAL   SYSTEMS. 

The  theoretical  limitation  of  the  requirements  of  just  intonation  to 
the  117  tones  and  70  duodenes  of  Table  IV.,  in  place  of  the  infinity 
usually  assumed,  is,  however,  not  a  sufficient  limitation  for  the  purposes 
of  execution  on  instruments  with  fixed  tones,  and  would  even  occasion 
great  difficulties  with  instruments  of  variable  tones,  as  the  human  voice 
and  violin.  The  first  object  is  therefore  to  reduce  the  number  by  prac- 
tical considerations,  retaining  just  intonation,  and,  secondly,  to  reduce  this 
result  again  by  the  synonymity  of  some  tempered  intonation.  Equal 
temperament  reduces  the  whole  to  12  tones,  which  cannot  be  accepted. 
Coinmatic  temperament  reduces  all  to  27  tones,  or  cyclically  to  31,  which, 
tliough  a  great  improvement,  is  not  sufficiently  harmonious,  and,  by  the 
reduction  of  commas  to  unisons,  is  too  destructive  of  theoiy.  Bosanquet's 
cycle  of  53  retains  the  comma,  and  is,  I  believe,  sufficiently  harmo- 
nious ;  but  its  cyclic  character,  which  reduces  distant  to  close  relations,  is 
opposed  to  the  nature  of  just  intonation,  where  continued  duodenation  in 
one  direction  leads  to  ever  more  distant  relations.  As  Bosanquet^s  cycle 
is  better  than  skhismic  temperament,  there  remain  only  the  skhistic  and 
practically  just  intonations,  where  the  synonymity  is  merely  practical,  and 
does  not  lead  to  cyclical  duodenation.  Added  to  this,  practically  just  in- 
tonation is  absolutely  just,  except  in  8  triads,  where  it  is  scarcely  distin- 
guishable from  just,  while  the  cycle  of  53  is  sensibly,  although  very  slightly, 
distinct  from  just  for  every  major  and  minor  Third  (Table  VI.,  D). 

Now^  first,  it  is  not  the  practice  in  one  piece  of  music,  nor  does  it  seem 
consistent  with  a  steady  preservation  of  tonality,  to  modulate  fireely  in  all 
directions.     Hence  it  is  sufficient  if  we  can,  at  different  times,  allow  great 
power  to  modulate  from  the  rame,  or  nearly  the  same,  tonic  in  different 
directions.     Next,  the  modulations  to  the  left  are  much  less  frequent  than 
those  to  the  right,  or  than  vertical  modulations.     Thirdly,  in  most  music 
hitherto  composed  we  must  allow  for  the  composer's  commatic  tempered 
confusion  of  lateral  with  vertical  modulation,  A  being  confused  with  f  A, 
and  fEb  with  Eb.     When  a  composer  uses,  as  an  original  root,  a  tone 
which  he  writes  Bb,  it  is  impossible  to  say  whetlier  he  means  to  begin 
with  fBb  (here  theoretically  assigned  because  belonging  to  the  duodene  of 
C),  or  with  Bb,  or  even  A5    or  JA5  •     Hence  we  may  reject  columns  1 
and  2  of  Table  TV,    Similarly,  column  9  may  be  rejected,  but  not  column 
8,  because  modulations  to  the  right  are  more  frequent  and  extensive  than 
modulations  to  the  left.     We  have,  then,  the  six  columns  I.  and  VI.,  with 
6  X  13  =  78  tones,  and  (6-2)  x  (13  — ^)  =  40  duodenes.     Of  these 
tones  we  may,  perhaps,  reject  the  three  in  column  3,  lines  /,  w,  n,  as  not 
being  required  for  the  duodene  of  "j^Bb,  and  the  two  in  column  8,  lines 

X   X 
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jr  Mnd  /.  as  bein?  wanted  odIj  for  the  dnodeces  of  }B  and  {E,  derired 
modulauooalij  from  A  as  an  original  tonic  If  the  mn^ic  required  us  to 
modulate  bejond  the  daodene  of  tB^  to  tlie  left  or  upwards*  and  beyond 
the  dwidene  cf  ^*S  to  the  right  or  downwards,  both  of  which  cases  are 
not  Terj  llkelj  to  happen  in  one  piece  (although  the  pasnge  from  D<m 
Giovanni,  cited  on  p.  477,  goes  quite  to  the  limits  here  assigned),  we  ctn 
generally  overcome  the  difficulty  by  altering  the  original  root  in  the  man- 
ner just  su^?e«te<l  (taking  B?>  for  fBb,  or  tA  for  A),  or,  if  necessazj.  bj 
commatic  changes  raggested  on  p.  672  for  preserving  the  pitch  of  the 
original  duo^l«:ne.  These  rejections  reduce  the  practical  system  of  jntf 
tones  to  78  —  5  =  73,  forming  35  duodenes.  But  it  must  be  borne  in 
mind  in  practical  constructions  of  instruments,  that  faomc  unusual  music 
may  rcfjuire  the  78  or  even  the  whole  117  tones,  and  provision  should  be 
made  for  this  contingency. 

By  intrr^ducing  skhistic  or  practically  just  intonation  (which  br 
brevity  will  1^  asfnimed  as  that  really  used  for  skhistic  intonation  without 
furtlif-r  indication,  see  p.  057),  we  see  that  after  rejecting  the  5  tones  in 
Table  IV.,  col.  1,  lines  /,  wi,  n,  and  col.  9,  lines  y,  Zy  the  remaining  112 
tones  would  be  represented  by  the  9  x  8  ^  72  tones  in  lines  p  U)  x. 
Tliis  is  Kliewn  clearly  by  Table  VI.,  B,  col.  Just,  where  all  the  77  tones  in 
order  of  pitch  are  printed  in  capitals  (either  Roman  or  Italic),  and  the 
remaining  40  arc  in  small  letters  (Roman  only),  and  every  small  letter 
represents  a  note,  which  differs  by  one  skhisma  (log. = •000  4901)  exactly 
from  sr)me  note  represented  by  a  capital,  while  in  col.  Skhistic  these  huge 
and  Hmoll  letters  come  into  the  same  line,  as  skhistic  unisons.  These  7i 
tones  may  be  regarded  as  forming  an  uninterrupted  series  of  71  skhistic 
Fifths  proceeding  downwards  from  col.  1,  line  p  to  x,  then  to  col.  2,  line 
p  to  r,  and  so  on,  and  hence  forming  (9  —  2)  X  8  =  56  trines.  and 
()C)  —  3  =  53  duodenes,  from  that  of  ffEb  down  by  skhistic  FiAhs  to 
that  of  JA5,  corresponding  to  one  duodene  for  each  tone  in  the  cyde 
of  53,  from  No.  15  in  that  cycle  in  Table  VI.,  B,  which  corresponds  to 
both  tfKbb  and  JJDff,  down  by  its  own  Fifths  to  No.  46  in  the  same 
cycle,  whicli  corresponds  to  JA5  .  But  all  of  these  72  tones  form  only  6 
independent  duodenes,  that  is,  duodenes  which  have  no  tones  in  common, 
of  which  the  roots  are  jtEbb  and  fCbb  in  col.  2,  D  and  Bb  in  col.  5, 
and  JC5  ff  and  JA5  in  col.  8,  a  circumstance  of  some  practical  value  in 
constructions.     See  Section  G,  No.  7,  at  bottom  of  p.  685. 

If  we  confine  ourselves  to  the  78  —  5  =  73  tones  in  Table  IV.,  cols. 
I.  to  VI.,  already  mentioned,  we  find  that  by  skhistic  intonation  they  re- 
duce to  the  48  in  lines  /)  to  .r,  in  the  same  columns,  within  the  oblong 
contained  by  three  dotted  lines  and  one  strong  line.  These  48  tones  form 
the  middle  Hcct ions  of  Tabic  V.,  where  in  the  upper  and  lower  sections 
their  nynonyms  arc  printed  in  small  letters,  and  are  continued  much  fur- 
ther than  is  practically  necessary  for  playing  music,  in  order  to  ahew  the 
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law  of  skhistic  synonymity,  and  for  other  theoretical  purposes.  If  in  any 
section  of  Table  V.  we  proceed  from  any  tone  to  8  Fifths  up  and  then  to  a 
major  Third,  we  reach  a  tone  which  is  sharper  by  one  skhisma  in  just, 
but  identical  with  it  in  skhistic  intonation  (Section  C,  iii.  p.  651).  These 
synonyms  are  printed  in  small  letters,  and  the  lines  in  each  section  have 
corresponding  numbers,  to  assist  in  making  the  comparison.  In  Table  V I.,  B, 
col.  Just,  these  48  tones  in  just  intonation,  forming  the  series  of  practically 
just  tones,  are  printed  in  Italic  capitals,  and  all  the  synonyms  are  given  in 
small  letters  (Roman  or  Italic),  while  in  coL  Skhistic  such  of  these 
B)'nonyms  as  appear  in  Table  V.  are  printed  alHO  in  Italics,  and  are  now 
found  to  be  unisons  with  the  corresponding  tones  in  Italic  capitals.  These 
48  tones  form  4  indei>endent  duodenes,  being  those  of  fBb  and  Gb  in 
col.  IL,  and  AS  and  ^FS  in  col.  V.,  as  shewn  by  the  dotted  cross-lines 
in  the  middle  section.  This  circumstance  becomes  of  considerable  im- 
portance for  future  constructions.     See  Section  G,  Nos.  7  and  14. 

These  48  tones  form  a  series  of  skhistic  Fifths,^  and  consequently  also 
form  (6  —  2)  x  8  =  32  trines,  and  82  —  3  =  29  duodenes.  These 
trines  are  arranged  in  three  principal  columns  in  Table  VIL,  where  trines 
in  tlie  Eame  line  are  skhistic  synonyms,  capital  letters  corresponding  to 
the  middle  section  of  Table  V.  and  small  letters  to  the  other  sections.  In 
just  intonation,  however,  trines  1  to  8  in  col.  1  are  flatter  by  one  skhisma  than 
those  in  col.  2 ;  trines  9  to  16  in  col.  1  are  also  flatter  by  one  skhisma  than 
those  in  col.  2,  and  these  are  again  flatter  by  one  skhisma  than  those  in  col. 
3 ;  trines  17  to  24,  in  col.  2,  are  flatter  by  one  skhisma  than  those  in  col. 
3,  which  are  again  flatter  by  one  skhisma  than  those  in  col.  1  (which,  had 
space  allowed,  would  have  formed  a  fourth  column  as  for  the  names  of 
the  roots  of  duodenes  in  Table  VIII.)  ;  and,  lastly,  trines  25  to  32  in  col. 
3  are  flatter  by  one  skhisma  than  those  in  coL  1  (which,  again,  would  have 
been  in  col.  4  had  space  allowed.) 

The  29  duodenes  formed  from  these  trines  have,  therefore,  roots  which 
have  two  or  three  names,  and  in  just  intonation  differ  in  pitch  by  one  or  two 
skhismas,  though  all  become  identical  in  skhistic  intonation  ;  and  it  is  this 
identification  without  cyclic  periodicity,  and  without  any  appreciable  con- 
fusion, and  without  appreciable  injury  to  the  Fifths  and  Minor  Thirds, 

>  To  obtain  these  we  began  by  omitting  5  tones  from  the  78  in  columns  3  to  8  of 
Table  IV.,  namely  coL  3,  lines  /,  m,  n,  and  col.  8,  lines  y,  r.  If  we  restored  these  and 
played  them  by  skhistic  intonation,  they  would  appear  as  coL  2,  lines  u,  w,  jr,  and 
col.  9,  lines  p  and  q,  respectively.  We  should  then  have  53  tones  firom  fGbb  (col.  2, 
line  u)  to  JBffJJ  (col.  9,  line  g),  which  correspond  to  the  53  tones  of  Bosauquefs  cycle, 
namely  (in  Table  VI.,  B),  No.  28  to  No.  6,  which  last  corresponds  both  to  JBjJff  and 
fDbb,  the  Fifth  above  fGbb.  The  first  and  second  reduction  of  the  number  of  tones, 
therefore,  >>oth  lead  us  to  53,  and  hence  shew  the  theoretical  importance  of  that 
namber  as  an  approximation  to  a  correct  representation  of  just  intonation,  but  a 
glance  at  Table  VI.,  B,  shews  it  to  be  only  an  approximation. 

X  X  2 
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while  the  major  Thirds  are  absolutely  just,  which  gives  skhistic  intonation 
its  great  practical  value.  In  Table  VII.  the  name  of  the  root  of  each 
duodene  is  written  against  its^r^f  trine.  The  duodenes  in  the  same  ver- 
tical column  are  formed  by  vertical  duodenation,  but  it  is  not  possible  to 
continue  a  descent  of  29  duodenes  without  synonymity.  Trines  1  to  8 
give  5  duodenes,  and  similarly  9  to  16,  17  to  24,  and  25  to  32,  or  20 
duodenes  in  all ;  and  between  each  set  of  5  there  are  3  (that  is,  9  in  all) 
formed  by  synonyms,  namely,  duodenes  6,  7,  8 ;  14,  15,  16 ;  and  22,  23, 
24.  But  skhistic  intonation  has  made  all  duodenation  verticaL  Latenl 
duodenation  from  root  C,  No.  11,  to  the  correlative  root  E,  No.  19,  Lb  a 
vertical  descent  of  8  duodenes,  as  seen  in  the  table ;  while  the  relative 
root  A,  No.  20,  is  9  duodenes  below.  This  is  of  much  practical  im- 
portance. 

In  Table  YIIL  these  29  duodenes  are  arranged  linearly,  and  sadi 
synonyms  arc  chosen  as  will  make  clear  to  the  eye  that  each  tone  pendifcf 
through  4  vertical  duodenes  (a  matter  of  practical  importance),  and  that 
each  vertical  duodenation  changes  3  tones  and  no  more  (pp.  669-70)^ 
The  roots  of  these  duodenes  are  written  in  the  margin. 

The  number  of  tones  to  be  provided  is  a  point  of  great  importance  id 
the  construction  of  instruments  with  fixed  tones,  and  I  therefore  subjoin 
an  account  of  those  selected  in  the  three  principal  attempts  which  have 
been  made  to  furnish  complete  instruments  in  just  intonation. 

1.  Mr.  ListorCs  Organ. — The  pitch  of  the  notes  has  been  calculated 
from  the  data  furnished  by  Mr.  Farey,  '  Phil.  Mag.'  vol.  39,  p.  418.  The 
arrangement  of  columns,  capitals,  small  letters,  and  sections  is  not  that  of 
Mr.  Liston,  but  that  of  Table  V.     The  intonation  is  just. 
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This  is  a  total  of  58  just  tones,  but  if  the  skhistic  identification  is  car- 
ried out  the  tones  fd,  tg  '^  I^-  ^'^^^  appear  as  t^b  t),  fAb  b  in  I.^  and  the 
other  tones  in  the  top  and  bottom  sections  are  already  expressed  by  their 


Aw.  XIX.  F,  3.  PRACTICAL  TONAL  SYSTEMa 


677 


eynoDTTOS.  In  this  case  44  of  mjr  48  akhistic  tones  are  nsed,  omitting 
}B,  JtDI ,  and  {DI B  ,  JGB  B  ;  but  two  new  ones  are  added,  namely  tt^'' . 
itElJ  b,  which  were  I  believe  due  to  the  r^ntem  of  tuning.  Mr.  Lieton's 
system  of  tones  ia  then  practically  the  some  as  mine,  bnt  its  curiuus 
gaps  shew  that  it  did  not  arise  from  a  B}-stematic  examination  of  the 
extent  of  modulation. 

2.  Mr.  Poole's  Organ. — The  pitch  of  the  notes  is  derived  from  the 
'  ratios  furnished  by  Mr.  Poole  in  his  paper  cited  on  p.  635,  note  3.  Mr. 
Poole  (aa  was  mentioned  on 
p.  534,  note)  considers  it  neces- 
sary that  the  chord  of  the  do- 
minant Seventh  in  every  major 
and  minor  scale  should  be 
made  with  the  subminor  or  na- 
tural Seventh,  and  hence  has 
throughout  provided  for  them.  In 
the  annexed  account  of  his  tones 
a  z  subjoined  to  a  note,  thus :  Bl>  g, 
means  that  both  Bt>  and  ^Bb  oc- 
cur; but  gJtcb  shews  that  only 
that  septimal  tone  occurs.  It  is 
thus  possible  to  arrange  his  100 
just  tones  acrarding  to  Table  V., 
as  in  the  margin.  Rejecting  the 
39  septimal  tones  for  the  rfasona 
on  pp.  296,  330,  and  660,  tJiere 
remain  61  ordinaiy  notes  in  ter- 
tian harmony.  If  skhistic  intona- 
tion is  introduced  ihe  7  tones  in 
Table  v.,  col.  ni.,  lines  2t  to  8(, 
become  those  in  col.  II.,  lines  2in 
to  8m,  and  the  five  tonea  in  col.  V.,, 

lines  lb  to  56,  become  those  in  col.  VI.,  lines  \m  to  5m,  so  that  there 
remain  only  36  tones  from  fF,  col.  II.,  line  2m  to  }BI ,  col.  VI.,  line  5m. 
By  arranging  these  36  tones  in  columns  of  8  thus  : 
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it  will  be  immediatelT  »een  that  they  consist  of  ibe  two  independent  di 
denes  of  G  and  £b,  and  of  12  tones  forming  consecutive  skhistic  Fifk 
but  ni>t  a  duodene,  and  that  the  whole  will  give  tbe  17  duodenecs  No.  IC 
28  of  Table  VIL,  forming  a  smaller  arrangement  which  may  often  pfR 
useful,  but  necessitating  raiher  Sequent  commatic  changes  (as  from 
minor  to  }D  minor).' 

a.  Gfnrrai  T.  Perromtt  Thompwn's  Orffan.^-The  pitch  has  b€ 
determined  from  the  lengths  of  the  monochord  given  in  his  book  (see 
r>a5,  note  1 ).  The  arrangement  as  bdbre  ioUows  Table  V.  The  intao 
tion  is  just. 
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Tot^d,  40  just  tones.  If  tlie  skhistic  synonyms  are  introduced  tl 
tones  ab,  Jc  Jf,  and  Je  Ja  in   the  bottom  section  will  appear   in  tl 

*  ^Ir.  PcHilo  proposes  /ifx»  diatonic  scales,  explained  on  p.  584,  note.  His  extreme 
iiigt'iiious  keylnvini.  which  cannot  well  l)e  deacribed  without  a  figure,  and  does  b 
api»ear  to  huTe  mlvnnctHi  beyond  a  moilel,  giTcs  19  series  of  connected  manuals,  wb 
though  quite  diftl'rt^ut  from  those  proposed  by  mo  in  Section  G,  Noe.  13  and  14,  ft 
gave  mo  the  conception  of  that  arrangement.  Each  manual  plays  10  (and  not  1 
tones,  which,  translating  Mr.  Poole's  notation  into  the  solfeggio  notation  of  the  hi 
trt(UH.''ad  (p.  666),  and  using  an  added  s  to  indicate  the  Septimals,  are  thus  anang 
for  I>o  =  (/,  c,  or /by  Mr.  Poole.  The  underwritten  numbers  are  g^ren  by  Mr.  Po< 
to  determine  the  ration  of  the  vibrational  numbers  ;  and  the  order  of  the  tones,  wh 
as  respects  rr,  ras,  mi  is  not  that  of  pitch,  is  also  that  adopted  by  Mr.  Pocle. 
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Hence  each  manual  contains  the  irifiU  scale  of  Do  and  the  double  scale  of  Fa  (p. « 
note),  and  the  chords  la  — do -^  mi,  mi  — so +  ti.  And  mi -^  se  —  tif  with  ra«  out  of 
relative  minor  scale  of  /o;  Uie  subdominant  chord  ra  —fa  +  la  of  the  relative  m 
has  to  be  taken  from  the  subdominant  key  when  the  false  minor  re  \/a  A-  lalB  not  i 
in  its  place.  Each  manuf^  >«  so  arranged  that  the  player  beginning  with  any  Do  i 
all  the  other  nine  tones  given  above,  in  the  same  lino,  and  in  the  same  order,  bo 
the  fingering  is  the  same  in  all  mjyor  and  in  aU  minor  keys  whatever  be  tlie  tonic 
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middle  section  of  cols.  IV.,  V.  and  VI.,  as  G« ,  B «,  Eff ,  and  JD5  8 , 
{G8  Z ,  and  then  we  shall  have  38  of  my  tones  (the  40  in  cols.  II.,  III., 
IV.,  V.  and  VI.,  less  the  tones  col.  II.  line  8//*  and  col.  VI.  line  3/w,  or  Cb, 
and  1C5  5  ),  together  with  two  additional  tones,  JJgff ,  JJc5  (Table  IV.,  col. 
8,  lines  y  and  z),  which  were  rejected  as  scarcely  necessary  on  p.  674,  line  1. 
Hence,  with  the  exception  of  Mr.  Bosanquet,  (who  uses  all  the  53  tones 
of  his  cycle,  and  employs  them  cyclically  to  represent  a  perfectly  infinite 
succession  of  Fiilhs,)  those  who  have  made  the  most  practical  experiments 
in  constructing  instruments  seem  content  with  tones  which  skhistic  into- 
nation reduces  to  about  the  48  tones  of  p.  675  as  the  practical  number. 
But  in  view  of  the  great  extension  of  modulations  introduced  by  equal 
temperament,  and  founded  partly  on  its  misleading  synonymities,  it 
may  be  occasionally  necessar}'  to  increase  that  number  to  60  (from  col.  2, 
line  p,  to  col.  9,  line  *,  in  Table  IV.),  or  even  72  (lines  jp  to  a;  in  Table 
IV.),  and  for  this  occasional  necessity  provision  should  be  made.  The 
practical  problem  is  therefore  how  to  place  the  corresponding  29,  or  41, 
or  53  duodenes  within  convenient  reach  of  a  performer  on  an  organ  or 
harmonium.  The  pianoforte  may  be  lefl  untouched  as  the  especiid  instru- 
ment of  equal  temperament  (pp.  502-3). 


SECTION  G. 


ON  THE  CONSTRUCTION  OF  EXPERIMENTAL,  EDUCATIONAL,  AND  PRACTIOAL 
INSTRUMENTS  WITH  FIXED  TONES  IN  JUST,  SKHliiMATIC,  AND  PRACTICALLY 
JUST   INTONATION. 

Three  purposes  for  the  construction  of  instruments  must  be  recog- 
nised— experimental,  educational,  and  practical.  The  first  are  intended 
purely  for  the  purpose  of  illustration  in  explaining  the  theory  of  music, 
and  shewing  the  meaning  of  just  intonation,  and  its  difference  from  tem- 
pered intonation.  It  is  of  importance,  therefore,  either  that  they  should 
involve  no  new  mechanism,  so  that  existing  instruments  should  be  avail- 
able on  being  merely  re- tuned  (as  in  Nos.  1,  2,  3,  4,  5,  6,  7),  or  that  the 
new  mechanism  should  be  very  simple  (as  in  Nos.  8,  9,  10).  As  also 
such  instruments  wDuld  be  only  occasionally  employed  it  is  of  great  im- 
portance that  the  fingerboard  and  mode  of  fingering  should  not  differ  at 
all  from  that  of  the  old  tempered  instruments  (as  in  Nos.  2,  5,  6, 7,  10  last), 
or,  at  least,  but  slightly  (as  in  Nos.  1, 10  first).  The  difliculty  of  fingering 
on  Prof.  Uelmholtz's  double-manual  instrument,  which  may  be  studied 
from  the  diagrams  of  the  manuals  on  p.  493,  note,  has  doubtless  deterred 
many  experimentalists  from  using  it.  The  educational  class  of  instru- 
ments are  for  the  use  of  singers,  to  carry  out  the  suggestions  on  pages 
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500-10.     It  is  not  neceHsary  that  these  instruments  should  play  in  a  great 
variety  of  keys,  but  it  is  necessary  that  they  should  be  able  to  shew  eTeir 
de^icription  of  modulation,  and  distinguish  commatic  changes  (as  in  No.  10). 
Finally,  practical  instruments  are  such  that  a  single  performer  may  haye 
at  his  command  a  range  of  tones  sufficient  to  play  any  modem  music  of 
any  degree  of  complexity  in  just  or  skhistic  intonation.     Although  it  may 
be  advisable  at  first  to  make  the  fingering  identical  with  that  now  in  use, 
it  is  not  too  much  to  demand  of  a  performer  on  such  an  instrument  that 
he  should  also  undertake  to  learn  a  new  eystem  of  fingering  as  on  Grea. 
Perronet  Thompsoirs  or  Mr.  Poole's  organ.      I  have  endeavoured  (in 
Nos.  13  and  14)  to  suggest  a  fingerboard  which  will   preserve  the  usual 
fingering,  but  the  new  generalised  fingerboard  of  Mr.  Bosanquet,  of  which 
a  descrii)tion  is  given  in  No.  15,  is  every  way  so  much  superior  in  philo- 
sophical and  mechanical  construction,  while  it  has  had  the  advantage  of 
having  been  sufficiently  tested  in  practice,  that  it  is  certainly  the  only 
keyboard  which  ought  to  be  finally  adopted.     The  one  and  only  objection 
to  it,  that  it  involves  a  nlightly  new  system  of  fingering,  ought  to  weij^b 
as  nothing  against  its  other  merits,  especially  as  it  solves  the  difficulty  of 
retaining;  the  same  fingering  in  all  keys  or  duodenes. 

It  will  1)0  seen  then  that  there  are  two  plans  of  construction — simplex^ 
in  which  old  mstruments  are  re-tuned ;  and  complex^  in  which  new  instra- 
ments  have  to  be  constructed. 

I.  Simplex  Instruments,  being  existing  instruments  re-tuned. 
1.  Just  English  Concertina. 

Intonation. — As  the  English  concertina  possesses  14  tones  to  the 
octave,    is  a  i)ortable   instrument  playing   any   combinations  of  chords 

with  sustained  tones  on  harmonium  vibrators,  and 
makes  all  deficiencies  of  intonation  strongly  appa* 
rent,  giving  especial  prominence  to  the  combina- 
tional tones,  it  is  peculiarly  well  suited  for  private 
experiments.  The  only  objection  is  the  absence  of 
bass,  the  tones  reaching  from  violin  g  to  c"".  The 
intonation  selected  gives  part  of  a  heptadecad,  having 
the  whole  decad  of  E,  the  duodene  of  E  less  the  tone 
Aff  ;  the  decad  and  duodene  of  A  less  the  tone  JFff ;  the  viapdina  or  major 
scales  of  F,  C,  Cl^  and  E  (with,  however,  only  the  false  minor  chord  on  the 
second  in  F  and  E),  and  A  mipivii  and  iniphna  (but  not  ^napvna).  Having 
6  tones,  and  also  5  tones  forming  Fifths,  it  can  play  the  Five-Fifths  scales 
5.Bb.l,  5.F.1,  541^.1,  and  their  derivatives  (Table  III.,  A.),  and  hence 
shew  the  effect  of  Quintal  scales.  The  compass  is  sufficient  to  allow  of 
the  performance  of  many  harmonised  airs,  and  of  studying  the  effects  of 
modulation  and  commatic  change.  The  fingering  is  slightly  different 
from  that  ordinarily  used,  but  ten  years'  experience  has  shewn  me  that  it 
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offers  no  rea?  difficulty.     Using  capitals  for  white,  and  small  letters  for 
black  studs,  its  14  notes  are  tuned  thus : — 

C  Jc«,   JD  d,   E  Jd«,   P  ft,   G  |g«,    A  fa,   B  bb. 

The  directions  to  the  tuner  are :  Tune  the  following  eight  major  chords 
without  beats,  putting  low  D  on  the  usual  D  stud,  D  on  the  usual  Dt  stud, 
1)8  on  the  usual  Eb  stud,  and  high  A  on  the  usual  A\>  stud  :  Bb,  low  D,  F ; 
F,  A,  C;  C,  E,  G;  G,  B,  D;  D,  F5,  high  A;  A,  Cff,E;  E,  G«,B; 
B,  D5 ,  F5 .  The  concertina  is  ordinarily  tuned  in  the  mean  tone  tem- 
perament, with  the  studs  as 

C  c«,   D  d«,   E  eb,    F  ft,   G  g«,   A  ab,   B  bb, 

and  sometimes  in  equal  temperament,  in  which  case  d8,  eb,  and  g8,  ab» 
are  timed  as  unisons,  and  the  double  studs  merely  facilitate  fingering.     I 
keep  two  concertinas  thus  tuned,  and  one  tuned  on  the  Pythagorean 
system,  for  constant  comparison  with  just  intonation. 

2.  Just  Experimental  Uarmonium. 

Intonation, — For  ordinary  lecture  and  illustrative  purposes,  this  is  the 
cheapest  and  best  instrument,  and  it  is  almost  indispensable  for  those  who 
wish  to  study  the  musical  effects  mentioned  in  Part 
III.,  abore.  It  contains  the  portion  of  a  heptadecad 
shewn  in  the  margin,  and  hence  contains  the  duo- 
dene  of  C  with  the  exception  of  F8,  the  whole 
decad  of  C,  and  the  major  scales  of  fEb  and  fAb. 
The  two  last  shew  vertical  modulation.  Again, 
fEb  major  or  fAb  major  to  C  decad  shews  right 
lateral,  and  inversely,  C  decad  to  fEb  major  or  fAb  major  shews  left 
lateral  modulation.  The  F  and  fF  shew  the  influence  of  a  comma,  and 
the  difference  between  the  just  triad,  Db  -f  F— f  Ab,  and  the  Pythagorean 
triad,  Db  +  j-F  |  j"Ab.  Also  in  the  key  of  fEb  major  the  difference 
can  be  shewn  between  the  true  minor  chord,  F  —  fAb  -f-  C,  and  the  fsdse 
minor  chord,  fF  |  fAb  +  C.  This  instrument  also  contains  the  German 
Sixth  Db  +  F— fAb  x  4-*  B,  which  is  a  close  imitation  of  the  chord 
of  the  natural  Seventh;  the  Italian  Sixth,  Db  +  F  x^  +  B,  and  the 
French  Sixth,  Db  +  F  . . .  G  +  B.  The  five  tones,  Db,  fAb,  fEb,  fBb,  F, 
allow  of  playing  all  Scotch  airs  in  Five-Fifths  scales  on  die  blax^k  digitals 
(p.  400,  note  1).  Using  capitals  and  small  letters  for  the  black  and  white 
keys,  they  are  arranged  thus : — 

C  db   D    feb   E    F    tf  G    fab   A   fbb    B. 

The  fF  is  placed  on  the  F8  digital,  and  the  other  fingering  is  normal. 

The  following  directions  were  found  sufficient  for  the  tuner  of  a  com- 
mon four-octave  harmonium,  which  he  tuned  in  my  presence  in  two  hours. 
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VIII.  as  the  regular  distribution.  The  fingering  is  abnormal ;  thus  each 
of  the  chords,  F  +  A—  C,  C  +  E-G,andG  +  B  —  Dis  distributed 
over  two  manuals.  The  tuning  may  be  effected  by  the  general  rule, 
p.  657,  as  in  No.  3.    For  a  single  manual  arrangement  see  No  9. 

5.  Du6ni, — The  effects  of  either  of  these  instruments  could  be  produced 
on  two  instruments  with  ordinary  single  manuals,  played  by  two  per- 
formers, on  simply  tuning  the  two  instruments  (by  major  Thirds  and 
Fiilhs)  according  to  the  two  duodenes  selected,  and  rewriting  the  piece 
of  musicy  distributing  the  notes  properly  between  the  instruments  in  the 
manner  shewn  on  p.  684.  It  is,  however,  hardly  worth  while  to  do  so,  as 
these  instruments  have  not  sufficient  compass  for  practical  purposes  and 
the  arrangements  of  Nos.  8  and  9  below  make  it  perfectly  easy  to  play 
their  tones  on  one  ordinary  manual  for  experimental  purposes. 

6.  Trioni. — Tune  three  instruments  thus : — 

(I.)      C     :db     D       teb    E  fF     tgb     G       fab    fA      f^b      B 

(II.)    JC      db  JD         eb  fB    F      gb  JG        ab      A        bb     fB 

(III.)    JB«  Jc«  JC««  Jd«  JE    B«    Jflr   JF«5  Jg«     JG««    al     fB 

Then  (I.)  is  in  the  duodene  of  G,  No.  10,  and  (11.)  in  that  of  Eb, 
No.  14,  of  Tables  VII.  and  VIII. ;  and  this  readily  gives  the  method  o£ 
tuning  them.  (III.)  consists  of  12  tones  forming  consecutive  Fifths  from 
E  8  to  tB)  col*  7,  lines  qU>  y^  and  from  JGff  8  to  ^B8 ,  col.  8,  lines  ^  to  ^^ 
of  Table  IV.  For  (III.)  begin  by  tuning  ^G8  a  major  Third  without  beats 
to  E  in  (I.),  and  then  work  up  to  E8  and  down  to  ^E  by  Fiflhs,  verifying 
with  the  corresponding  major 
Thirds  below  in  (I.)  and  (II.). 
Then  tune  ^B8  a  major  Third 
above  $G8,  and  tune  up  by 
Fifths  to  JG5  8 ,  verifying  by  tiie 
major  Thirds  below,  which  lie  all 
in  (III.).  The  three  instruments 
are  thus  completely  in  tune,  and 
give  the  17  duodenes,  Nos.  10  to 
26,  Table  VII.,  or  Mr.  Poole's 
scale  of  36  tones  (p.  677). 

Music  for  Trioni  is  arranged 
thus.  Lines  are  drawn  m  each 
column  of  Table  VII.,  similar  to 
those  in  the  extract  from  the  third 
coliunn  in  the  margin,  the  figures 
(I.),  (II.),  (III.)  shewing  to  which 
instrument  they  belong.  All  the 
three  columns  in  Table  VII.  have 
to  be  thus  marked  in  order  to 
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hod  of  distributing  the  tones  among  several 

le  practice  of  a  Bussian  horn-band,  which 

S  each  performer  playing  a  single  tone.     It 

of  handbell-ringers.     In  the  present  case 

>X]itnand.     As  keyed  wind  instruments  can 

commanding  a  duodene,  three  of  them 

^e,  and  thus  orchestral  performance  in 

"ithout  altering  the  fingering,  and 

'•iiments.     Compare  p.  641. 

r  three  pianofortes  in  the 

L  'le  day,  so  that  we  may 

y  of  playing  harmoniums 

•rmers  would  merely  require 

.  the  case  of  harmoniums  with 

be  produced.     It  is  evident,  how- 

nly  for  experimental  purposes, 

cstoni. — The  effect  of  all  the  48  skhistic 

harmoniums  tuned  to  the  4  independent 

d  lines  in  the  middle  section  of  Table  V., 

(III.)   to    A«,  No.  25, 
(IV.)    to  JFJ,  No.  29, 

le  arrangement  of  the  music  would  be  so 
rioni  in  No.  6,  that  it  need  not  be  further 
Lrmonium  plays  a  complete  duodene,  and  all 
^11.  and  VIII.  are  at  the  command  of  the 
nary  modulations  a  fidh  harmonium  (V.) 
3  tones  col.  2,  lines  j9  to  x,  and  the  4  tones 
.,  arranged  thus : — 

Gbb  +e«  «  ttAbb  Jfff  8  «  ffBbb  fcbb  J A«  « 


ttF   ::«    ttG   tXgt   tttA   ttbb   JJB 

[?able  IV.  The  tuning  would  be  as  follows — 
.  below  fCb  on  (I.),  and  then  work  up  by 
Fbb,  verifying  by  the  major  Thirds  above 
3  J  A5  5  as  a  major  Third  above  JF5 1  in 
to  JFff  8  S ,  verifying  by  the  major  Thirds 
be  a  mere  auxiliary  instrument,  rarely  if 
he  five  instruments  would  form  qutnt6ni, 
which  six  harmoniums  are  tuned  to  the  6 
by  the  72  tones  m  Table  IV.  (see  p.  674), 
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giving  58  duodenes,  and  playing  by  skhistic  or  unequally  just  intonation, 
112  out  of  the  117  t^mes  in  that  Table.  The  only  tones  omitted  would 
be  the  first  3  and  last  2.  By  this  contrivance  it  is  as  easy  to  get  up  a 
piece  in  just  intonation  as  to  get  up  any  quartet,  quintet,  or  sestet 
with  the  sole  exception  of  the  necessity  of  retuning  the  instruments  and 
transcribing  the  parts. 

n.  Complex  Instruments  requiring  new  mechanical  contrivances. 

8.  Hebnholtz's  Harmonium  with  oiie  Manual, — ^Instead  of  the  arrange- 
ment in  Appendix  XVIL,  arrange  and  tune  two  sets  of  vibrators,  as  in 
lines  14  and  18  in  Table  VIII.,  for  back  and  front  respectively.  Intro- 
duce Mr.  Saunders*s  *■  tilting  action,'  already  explained  for  the  mean  tone 
harmonium,  on  p.  659,  and  draw  the  stops  when  necessary  to  change 
the  note.  Assume  that  the  front  row  of  vibrators,  played  by  the  manual 
when  no  stops  are  drawn,  represents  the  duodene  of  B,  lines  18  to  21  of 
Table  VII.  in  columns  2  and  3.  Arrange  the  stops,  and  mark  them  in  the 
following  order,  where  the  capitals  and  small  letters  are  used  as  in  Table 
VII.,  and  the  letters  below  the  transverse  line  give  the  tones  of  the  duo- 
dene  of  B,  or  Jcb ,  arranged  in  the  order  of  trines,  but  with  the  order  of 
the  tones  in  the  trines  corresponding  to  those  marked  on  the  stops,  above 
which  are  the  four  successive  trines  of  the  duodene  of  Eb  or  dS  . 

(I)  (2)  (3)  (4) 


tc 


Db      F     A  Gb      Bb      JD  Cb     Eb     JG  fb     ab 

tc«    teff     g5ff      t^ff     ^ixl        cffff     t^        d5         f5  5    fE      G5       B5 


C«     EfffA  F«     A5       D  B     }Dff       G         E   JGff      C 

$db    Jf      bbb     Jgb     +bb       ebb     Jcb     {eb        abb     Jfb  {ab      Jdbb 

For  scientific  experiments  each  stop  should  have  an  independent  action, 
but  the  stops  should  have  links  which  can  be  attached  to  them,  so  that 
they  could  be  pulled  out  and  pushed  in  by  threes,  as  shewn  by  the  braces 
above,  and  for  practical  purposes  they  might  be  consolidated,  so  that  four 
stops  only  need  be  used,  and  this  would  materially  simplify  the  mechanism. 
The  names  on  the  separate  stops  shew  the  tones  which  would  be  substi- 
tuted for  those  in  the  duodene  of  B.  The  practical  stops  need  only  be 
numbered,  as  shewn  above  and  tabulated  below.  Of  course  the  two  sets 
of  vibrators  would  be  arranged  in  the  usual  way,  as  lines  14  and  18  in 
Table  VIII.,  the  above  arrangement  being  introduced  solely  to  shew  the 
action  of  the  stops.  We  see,  then,  that  if  all  four  compound  stops  be 
drawn,  we  have  the  duodene  of  Eb  or  D5  .  Pushing  in  the  stop  (1)  the 
tones  Db,  F,  A  are  exchanged  for  Cff ,  Eff ,  fA,  or  {db,  f,  bbb,  and  hence 
the  duodene  becomes  that  of  Ab  or  GU .  Pushing  in  both  (1)  and  (2)  we 
have  the  duodene  of  {Gb  or  Fff .  And  pushing  in  all  four  (1),  (2),  (3) 
and  (4),  we  have  the  duodene  of  {cb  or  B.     These  movements  conse- 
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quentlj  place  at  the  command  of  the  player  the  five  dnodenes  of  £b,  ab, 
}db,  Jgb,  Job,  or  dIJ,  Gff ,  C4,  F5,  B,  and  consequently  their  five  major 
and  minor  scales  in  all  forms,  and  of  course  also  the  major  scales  of 
Cb,  fb,  bbb,  ebb,  abb,  or  fb,  fE,  t^,  D,  G.  Again,  by  pulling  out  (1) 
only  we  have  the  major 
scale  of  C  or  ^ht ;  by  pull- 
ing out  (1)  and  (2),  the 
major  scale  of  F  or  fc^t ;  by 
pulling  out  (1),  (2),  and  (3), 
the  major  scale  of  Bb  or 
•fal .  The  complete  series 
of  major  scales  from  f b  to 
B,  and  the  minor  scales 
(marked  *)  from  Eb  to  Jcb 
or  dS  to  B,  are  given  as  in 
the  margin,  where  only  the 
compound  stops  which  have 
to  be  pulled  out  are  nuirked. 
Compare  the  arrangements  in  Appendix  XYII.,  p.  633. 

The  minor  scales  are  veiy  deficient.  But  the  additional  eight  required, 
with  other  major  and  minor  scales  also,  may  be  given  by  a  second  harmo- 
nium having  its  vibrators  tuned  as  follows  (see  Table  V.)  : — 

JBff     Jc«     JCff5     ^eb     JD«5     f^     t^     JFHT     fab     JGffJ    fbb     JB 

which  would  be  played  by  a  second  performer,  thus  giving  the  trines  10 
to  29  and  the  duodenes  10  to  26  of  Table  VII.,  as  for  Trioni,  p.  683. 

9.  Gueroulfs  harmonium  with  one  manual,  if  we  tuned  B5  in  the  usual 
way,  and  not  as  B'5 ,  No.  4,  p.  682,  would  be  treated  in  a  perfectly  similar 
manner.  The  front  r©w  of  vibrators  would  be  tuned  for  the  duodene  of  A, 
Table  VIII.,  No.  20,  and  the  back  row  for  that  of  Off  or  Jdb,  Table  VIII., 
No  16.    The  four  compound  stops  would  be — 

12  3  4 
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and  the  auxiliary  harmonium  would  have  for  its  vibrators — 
+Bff    db    JC««    teb    tD««    E«    g*'    X^^^    tab    JG««    fb*'     JB 

giving  the  trines  11  to  30  and  the  duodenes  11  to  27  of  Table  VII. 

10.  Hephtharmonium  and  Hexharmonium, — These  are  both  educa- 
tional instruments,  especially  adapted  for  singers.  Both  of  them  use  Mr. 
Saunders's  'tilting  action/  p.  659,  and  have  both  two  rows  of  vibra- 
tors. 
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For  the  hephthctrmonium  the  vibrators  are  disposed  thus : — 

Back t^^*'   t^   t^    t^^   tFb    fF   J«   ^G^  tg«    JA     bb    fCb 

Front C       db     D    feb     E       F     ft     G     fab      A  fb        B. 

This  harmonium  contains  all  the  tones  in  a  heptadecad  (whence  its 
name),  and  consequently  illustrates  every  kind  of  modulation  in  the  first 
degree  fix)m  C.  The  front  vibrators,  to  which  correspond  the  digitals  when 
the  stops  are  all  pushed  in,  contain  the  whole  duodene  of  C,  and  the  stops 
enable  the  player  to  exchange  their  tones  for  those  in  the  six  other  decads. 
All  lie  on  the  usual  digitals  except  fDb  and  f^b,  which  are  placed  on  the 
long  white  digitals  of  C  and  G,  in  place  of  the  short  black  digitals  next  on 
their  right,  as  these  were  wanted  for  ^c8  and  ^gS .  This  makes  a  slight 
difference  in  the  fingering  of  fEb  minor  and  similar  scalps.  But  the  chief 
deficiency  consists  in  the  absence  of  tones  for  shewing  the  difference  be- 
tween the  false  minor  Third  on  the  second,  and  its  just  substitutes  in 
several  keys.  To  obviate  this  I  found  it  would  be  necessary  to  sacrifice 
one  of  the  decads,  and  thus  to  form  the 

Uexharmoninm,     The  vibrators  are  disposed  as  follows  : — 

Bach tC    Jc«    JD     Jd5    Je  fF   Jf5     JG     Jg«  fA       bb  Jb. 

Front C      db      D     feb      E     F     ft       G     fa^     A     fbb     B 

Intonation, — Comparing 

fC  the  diagram  in  the  margin 

tF  tA  with  Table  IV.,  cols.  4,^5, 

tBb  D  Fff  n  7    ij.  ^^iu  Y^  g^e„  ^i^j^j.  (J 

tEb  G  B  JD5  .  i-  1       1 

'  .  ^  ^  T,  ir^m  tones  from  each  column  are 

J)  J,  p  j^  +QJ  selected,  givmg  the  5i:c  decads 

Bb  +D  JFI  of  F,  C,  G;  JD,  A,  E,  and 

JG  JB  the   major   scales   of   fAb, 

Je  tEb,  tBb.     In  all  the  nine 

major  scales  both  or  one  of 

the  just  substitutes  for  the  false  minor  chord  on  the  second  exist,  thus : — 

Tonic.  Dominant  Form.                              Subdominant  Form, 

n  fAb  only         Bb  -     Db  +     F 

n  tEb  only  F     —  fAb  -|-     C 

n  tBb  only          C     —  tEb  +     G 

n     F  both         G    -  tBb  +     D      and  JG    -     Bb  +  +D 


in     C 

both 

D     -  tF 

4-  tA      and 

JD 

-    F 

+     A 

in    G 

only 

tA    -  \Q 

and 

A 

-    C 

+     F. 

in  JD 

both 

E     -    G 

+     B      and 

JE 

-JG 

+  tB 

in    A 

both 

B    -     D 

+     Fff    and 

:b 

-JD 

+  tF« 

in    £ 

only 

Fff   -  tA 

and 

+F» 

-    A 

+  JC« 
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This  is  very  valuable  as  a  guide  for  singing  in  one  of  the  most  difficult 
points  of  just  intonation  (p.  527,  note  1).  This  instrument  also  possesses 
the  complete  duodene  of  C  and  its  right  relative  A.  It  has  major  scales 
on  all  the  tones  of  the  heptad  of  C,  and  decads  upon  five  of  them,  and 
also  an  additional  decad  ^D.  The  succession  of  scales  is  broken,  how- 
ever, by  commatic  gaps,  thus— 

Major tAb,  fEb,  fBb,  -  F,  C,  G,  -  JD,  A,  E 

Minor F,  C,  G,  -  JD,  A,  E 

This  gives  an  opportunity  of  studying  the  effect  of  commatic  changes  in 
modulation,  as  compared  with  just  modulation. 

11.  Triolet. — Helmholtz*s  harmonium  being  arranged  as  in  No.  8, 
the  third  set  of  vibrators  there  proposed  to  be  placed  on  a  second  har- 
monimn  are  placed  upon  the  same  instrument  as  the  two  first,  and  are 
brought  into  action  by  a  set  of  valves  moved  by  studs  which  pass  up 
through  about  the  centre  of  the  black  digitals  and  a  little  higher  up 
through  the  white  digitals.  One  performer  would  thus  have  the  17  duo- 
denes,  10  to  26  of  Table  Vii.,  under  command.  He  would  have  to  re- 
member that  the  minor  Thirds  of  D,  G,  C,  F,  and  the  major  Thirds  of 
A,  JD,  JG,  B« ,  E5 ,  A« ,  JD« ,  JG«  lie  on  studs.  This  instrument  con- 
taining 36  tones  to  the  octave  might  easily  be  arranged  for  Gu^roult's 
original  compass  with  the  third  series  as  in  No.  8,  or  for  Poolers,  with  the 
vibrators  tuned  as  for  Tri6ni  No.  6. 

12.  Double  Triolet. — This  is  a  douUe-manual  instrument,  with  three 
rows  of  vibrators  to  each  manual,  opened  by  Saunders's '  tilting  action ' 
(p.  659),  and  by  studs  as  for  the  Triolet  No.  11. 

Vibrators  for  Upper  Manual. 

Back;  for  the  duodene  of  fBb,  Table  VIII.,  No.  1. 
Front;  for  the  duodene  of  Gb,  Table  VIE.,  No.  5. 
Extra,  the  12  tones  in  Table  V.,  col.  IV.,  line  Im  to  8m,  and  col.  V., 
lines  Im  to  4m,  arranged  thus,  and  played  by  studs : — 

BS     cS     JD    JdS     E    E8     fK     JG    gS     A    aS     B 

When  the  stops  are  pushed  in,  the  manual  is  arranged  for  the  duodene  of 
Gb.  The  four  compound  stops  when  drawn  out  give  the  trines  Nos.  1  to  4  of 
Table  VII.  The  upper  manual  therefore  plays  the  duodenes,  Table  VIL, 
Nos.  1  to  17,  trines  1  to  20. 

Vibrators  for  Lower  Manual. 

Back ;  for  the  duodene  of  F« ,  Table  VHI.,  No.  17. 
Front ;  for  the  duodene  JD,  Table  VHI.,  No.  21. 
Extra ;  the  12  tones  in  Table  IV.,  col.  8,  line  p  tx>  x,  and  col.  9,  lines 
p  to  Sj  arranged  thus,  and  played  by  studs : — 

tB5  Jb««  JC««  JJ^'  t^^^  t^^  t^^  t^^^  t^^^  t^^^  t^  t^^^ 

J  1 
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When  the  stops  are  pushed  in  the  manual  is  arranged  for  the  duodene  of 
JD.  The  4  compound  stops  when  drawn  out  give  the  4  trines,  Nos.  17 
to  20  of  Table  YII.  The  lower  manual  therefore  plays  in  the  duodenes  of 
Table  VII.,  Nos.  17  to  29,  and  also  in  the  duodenes  of  JB,  JD»  8  =  JE, 
jG5ff  =  JA,  and  JC5  5  =  JJD.  The  whole  instrument,  therefore, 
plays  in  33  duodenes,  using  52  tones  to  the  octave,  and  is  very  complete. 

All  the  mechanism  is  already  invented  and  constructed.  The  exist- 
ence of  the  duodene  of  Fff  on  each  manual  renders  transition  easy  from 
one  manual  to  the  other.  The  use  of  the  studs  could  be  avoided  for  all 
major  keys  from  fOb  to  ^D  inclusive,  so  that  studs  would  be  used  exclu- 
sively in  minor  keys. 

But  this  instrument  requires  six  rows  of  vibrators  instead  of  four,  and 
two  manuals  with  awkward  fingerings  in  the  minor  keys,  and  would  ne- 
cessarily bo  very  expensive. 

13  and  14.  Small  and  Great  Duodenaries, — Stops  being  always  incon- 
venient, I  suggest  a  manual  founded  on  the  following  principles.  The  Small 
Duodenary  will  play  the  duodenes  10  to  26  in  Table  YIII.,  using  three 
rows  of  vibrators  as  in  Nos.  6  or  11,  and  the  Great  Duodenary  will  play 
all  the  29  duodenes,  using  the  four  rows  of  vibrators  in  Nos.  7  or  11. 
From  a  model  which  I  have  had  constructed  for  two  octaves  the  arrange- 
ment seems  practicable,  but  would  doubtless  require  much  mechanical 
treatment  from  harmonium-builders  before  it  would  act  properly.  It  will 
be  enough  to  indicate  the  form  of  the  great  duodenary. 

Conceive  the  manual  as  a  set  of  29  '  steps,'  with  J-inch  *  tread '  and 
J-inch  *  rise,'  the  lowest  step  next  the  performer.  Each  step  for  the  length 
of  an  Octave  is  divided  into  12  digitals  corresponding  to  the  columns  in 
Table  VIII.  The  width  of  the  digitals  to  be  as  follows  for  No.  11  of 
Table  VIII.,  in  eighths  of  an  inch  : — 

C     db     D     teb     E     F     Jgb     G     fab     A     fbb     B 
5353553        535        35 

The  digitals  corresponding  to  the  small  letters  are  to  rise  ^  inch  above 
the  others  and  to  be  bevelled,  so  that  they  are  f  inch  wide  at  bottom,  and 
\  inch  wide  at  top.  Each  step  is  then  a  miniature  finger-board  in  the 
ordinary  arrangement.  Whenever  any  note  occurs  in  4  consecutive  steps, 
as  shewn  by  the  cross  lines  in  Table  VIII.,  its  4  digitals  are  to  be  con- 
solidated into  one,  so  that,  except  in  '  steps '  1  to  3,  and  26  to  29,  the 
digitals  will  be  practically  3  inches  long.  To  shew  which  digitals  are 
consolidated,  colour  the  low  white  digitals  alternately  white  and  light  red, 
and  the  high  narrow  digitals  alternately  light  blue  and  light  brown,  dis- 
tinctions of  colour  easily  seen.  By  colouring  line  1  in  Table  VIII. 
(continued  for  a  second  octave),  in  the  following  manner,  and  observ- 
ing to  change  the  colour  for  each  crossbar  in  descending,  the  effect  is 
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pleasant  to  the  eye.  The  Dumbers  give  the  columns  carried  on  to  two 
octaves : — 

TVhite;    5,6,8,-        13,15,22,24- 

^ed;       1,  3,  10,  12-17, 18,  20- 

Blue;      2,  i,  9,  11-   19- 

Brown;  7,-  14,  16,  21,  23- 

To  mark  the  duodene,  draw  a  black  line,  I  inch  broad,  across  the  digital 
bearing  the  name  of  the  duodene,  and  put  a  black  circle  of  ^  inch  in 
diameter  on  the  tonic  of  the  major  scale  which  it  contains.  The  lines  thus 
marked,  together  with  the  alternation  of  colour,  will  clearly  distinguish 
each  duodene. 

The  depth  of  this  manual  from  front  to  back  would  be  21|  inches,  and 
the  rise  7^  inches ;  the  width  of  an  octave  from  C  to  ^  is  6^  inches,  and 
from  C  to  c  is  6^  inches.  The  last  width  is  7|^  inches  on  the  piano ;  but 
as  the  hand  would  on  the  duodenary  always  have  to  dip  between  high 
digitals  to  strike  octaves  of  low  digitals,  it  must  be  held  more  upright,  and 
hence  its  span  will  be  less.  A  manual  of  five  octaves  and  one  note,  C  to 
€""j  will  be  31^  inches  long.  The  number  of  movable  digitals  in  each 
column  of  Table  YIQ.  is  8,  which  open  only  4  valves.  This  will  necessi- 
tate coupling,  the  details  resulting  from  Table  YUI.,  which  may  be  con- 
sidered as  the  ground-plan  of  this  manual. 

This  manual  possesses  the  advantages  of  preserving  the  ordinary  finger^ 
ing,  except  in  so  far  as  it  depends  upon  the  low  flat  digitals  coalescing  in 
front  of  the  short  high  digitals.  And  it  also  clearly  indicates  the  duo- 
denes  in  which  a  piece  of  music  necessarily  moves,  as  shewn  by  the  duo- 
denal. In  fact,  if  the  duodenal  were  always  to  bear  one  of  the  12  forms 
B,  E,  A,  D,  G,  C,  F,  Bb,  Eb,  Ab,  Db,  Gb,  with  a  mark  to  shew  whether 
it  was  to  be  taken  high  up,  or  low  down,  or  in  the  middle  of  the  manual, 
a  performer  might  play  in  skhistic  intonation  on  this  manual  from  ordi- 
nary notation,  in  quite  as  mechanical  a  manner  as  in  equal  temperament, 
without  giving  a  thought  to  the  reason  of  the  changes.  Although  this 
mechanism  is  highly  undesirable,  yet  the  &ct  that  playing  in  skhistic  or 
practically  just  intonation  can  be  so  reduced  without  altering  our  present 
fingering  or  our  present  staff  notation,  is  a  result  of  the  present  theories 
to  which  no  others  have  hitherto  approached.  This  board  also  serves  to 
shew  very  clearly  the  whole  nature  of  duodenation  as  in  Tables  IV.,  Y., 
and  YII.  But  there  are  several  objections  to  ordinary  fingering,  especially 
that  it  differs  from  key  to  key,  so  that  at  least  24  different  fingerings  have 
to  be  acquired  for  the  major  and  minor  scales.  Also  the  &ct  that,  though 
only  four  different  tones  are  used  in  each  column,  they  are  played  by  eight 
different  movable  digitals,  is  a  clear  waste  of  mechanism.  These  and 
other  difi&culties  are  overcome  by  Mr.  Bosanquet's  arrangement,  which  is 
in  every  way  far  superior,  and  has  stood  the  test  of  actual  practical  use. 

T  T  2 
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I  have  thought  it  expedient,  however,  for  those  who  prefer  the  old  ar- 
rangement of  the  digitals  to  record  the  duodenary  proposal  contaiaed  in 
my  paper  on  'Duodenes,'  p.  641. 

15.  BosanqueVa  '  Generalised  Keyboard' — ^Mr.  R.  H.  M.  Bosanqnet, 
Fellow  of  St.  John^s  (College,  Oxford,  has  invented,  and  has  actually  had 
in  use  since  the  beginning  of  1873,  a  most  ingenious  manual,  adapted  for 
playing  in  any  commatic  or  skhismadc  temperament     This  keyboard 
seems  to  leave  nothing  to  be  desired  in  theory,  compactness,  and  conveni- 
ence, for  those  who  will  take  the  trouble  to  learn  a  new  system  of  finger- 
ing, which,  however,  has  the  unexampled  advantage  of  being  the  same  for 
all  scales  of  the  same  kind  whatever  be  their  tonic.     Mr.  Bosanquet, 
whose  experience  as  a  player  on  the  organ  gives  great  weight  to  an  opinion 
conBrmed  by  nearly  two  years  of  practice,  states  that  his  manual  is  well 
adapted  for  all  the  combinations  of  harmonies  which  occur  in  skhismatic 
systems ;  that  it  admits  of  considerable  rapidity  of  execution,  and  that  it 
may  possibly  be  adapted  for  use  as  a  pedal.     It  was  invented  for  playing 
in  his  cycle  of  53  (p.  655) ;    but  in  order  to  facilitate  fingering  for 
'  working  round,*  it  was  constructed  to  play  84  tones  to  the  octave,  and 
this  feat  it  accomplishes  in  about  the  same  space  as  is  required  for  48 
tones  on  my  duodenary  manual.     Consequently  the  24  tones  of  Helm- 
holtz,  the  36  of  Poole,  the  48  that  I  propose,  supplemented  to  60  or  even 
72  (the  whole  of  lines  ;>  to  x  in  Table  IV.),  could  be  played  upon  it  with 
ease.     It  may  therefore  be  said  to  solve  the  constructional  problem  of  just 
intonation,  as  represented  by  skhistic  or  practically  just  intonation.     Mr. 
Bosanquet  read  papers  on  his  keyboard  and  its  theory  before  the  Royal 
Society  on  January  30,  1873,  and  the  Musical  Association  on  November 
2,  1874,  but  as  no  description  of  his  keyboard  has  yet  been  printed,  he 
has  kindly  favoured  me  with  the  data  from  which  I  have  drawn  up  the 
following  description.     For  brevity  and  convenience  I  have  here  endea- 
voured to  give  a  theory  of  its  construction  in  accordance  with  the  prece- 
ding sections.    Mr.  Bosanquet  himself  founds  its  theory  upon  the  relations 
of  temperaments,  chiefly  cyclic,  to  equal  temperament  as  a  point  of  depar- 
ture.*    Hence  Mr.  Bosanquet  is  in  no  respect  responsible  for  the  theory 
here  given.     Represent,  both  in  sound  and  pitch,   12  tones  which  are 
arranged  in  order  of  any  uniform  Fifths,  by  the  figures  (1)  to  (12), 
inclosed  in  a  parenthesia     Then  the  13th  tone,  forming  the  12th  Fifth 
above  (1),  will  be  (1)  ks  by  the  fundamental  relation,  section  C,  equation 
(5),  p.  648,  where  ifc  =  t,  and  8  =  %  tor  just  Fifths,  and  vary  according 

>  An  abstract  of  his  theory  as  read  to  the  Musical  Association,  is  printed  in  the 
•  Philosophical  Magazine  *  for  January  1876,  voL  48,  No.  321,  p.  607.  His  paper  *  On 
the  Theory  of  the  Division  of  the  Octave,  and  the  Practical  Treatment  of  the  Musical 
Systems  thus  obtained,'  with  a  wood-cut  of  part  of  his  keyboard,  is  contained  in  the 
•Proceedings  of  the  Royal  Society,*  vol.  23  (in  type,  but  not  issued,  when  this  page 
was  printed). 
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to  the  temperament  used.     Similarly,  the  13th  tone  below  (12),  that  is 
the  first  below  (1),  will  be  (12)  -r-  ks.     We  may  therefore  separate  any 
series  of  tones  forming  uniform  Fifths  into  sets  of  twelves,  where  each 
ascending  set  is  formed  from  the  one  below  by  multiplying  by  ks.     Also 
by  Section  C,  equation  (3),  p.  647,  the  major  Third  to  any  tone,  as  (6), 
is  found  by  taking  the  fourth  Fifth  above  it,  as  (10),  and  dividing  by  /p, 
or  is  (10)  -r-  k,  and  the  major  Third  below  (6)  will  be  foixnd  by  taking 
the  fourth  Fifth  below  it,  as  (2), 
and    multiplying    by    k,    or   is 
(2)  k.     Hence  the  tones  (2)  k, 
(6),  (10)  -H  k  form  major  Thirds, 
and  from  these  we  can  complete 
the  whole  series  of  Fiftlis,  as  in 
the  margin,  which  we  may  sup- 
pose to   represent  columns  IT., 
III.,  IV.  of  Table  V.,  indefinitely 
extended.     Now,  in  just  intona- 
tion no  tone  in  any  such  series  of 
coliunns,  which  may  be  extended 
indefinitely  each  way,  will  coin- 
cide with  any  other  tone.     But 
for  any  skhismatic  temperaments 
s  =  1;  hence  we  may  suppose 
s  omitted   throughout    in   these 
columns,  the  value  of  k  varying 
according   to   the   temperament, 
and  then  each  succeeding  column 
repeats  the  preceding,  beginning 
8  Fifths  lower  down.     Hence  there  is  in  fact  only  one  column  so  far 
as  sound  is^concemed,   and   the   major   Third  above  any  tone  is  the 
eighth  Fiilh  below  it.     All  other  intervals  are  also  given  in  numbers  of 
Fifths  up  and  down,  as  shewn  in  Table  II.,  see  the  end  of  Section  B,  (p. 
646.)     As  was  shewn  in   Section  C,  skhif>matic  temperaments  embrace 
skhistic,  skhismic,  Bosanquet*s,  and  other,  and  may  be  conceived  to  be  re- 
presented by  unequally  or  practically  just  intonation.     But  for  commath 
temperament  A;  =  1,  and  s  varies  firom  one  to  another.     In  this  case, 
again,  each  succeeding  column  repeats  the  preceding,  beginning  4  Fifths 
higher  up,  so  that  there  is  still  but  one  column  so  far  as  sounds  go,  but 
the  major  Third  above  any  tone  is  now  the  fourth  Fifth  above  (instead  of 
the  eighth  below).     The  only  valuable  temperaments  of  this  class  are  the 
mean  tone  temperament  and  Huyghens's  cycle  of  31.      If  both  A;  =  1 
and  «  =  1,  then  all  the  columns  reduce  to  a  single  set  of  Fifths.     This  is 
the  case  of  equal  temperament  provided  for  by  the  usual  fingerboard. 
For  skhismatic  and  commatic  temperaments,  then,  the  problem  reduces 
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to  placing  under  the  hand  of  a  player,  successiye  sets  of  twelve  tones 
forming  tempered  Fifths,  each  set  differing  from  the  preceding  by  a  fixed 
interval,  or  degree^  which  answers  to  a  tempered  comma  for  skhismatic, 
and  a  tempered  skhisma  for  commatic  temperaments.      For  akhistic, 
skhismic,    and  Bosanquet^s  intonations,  each    successive  set   of    twelve 
Fifths  is  sharper  than  the  preceding,  by  an  interval  whose  logarithm  is 
•005  1500,  -005  8851,  and  -005  6798  (or  -205,  -235,  and  -226  equal  Semi- 
tones) respectively ;  and  for  mean  and  Huyghens's  intonation  each  suoce»- 
sive  set  of  twelve  FiAhs  is  flatter  than  the  preceding  by  an  interval  whose 
logarithm  is  -010  8000  (a  diesis)  and  -009  7107  (or  -411  and  "887  equal 
Semitones)  respectively.^     The  amount  of  change  is  of  no  consequence  to 
the  theory  of  the  board,  and  Mr.  Bosanquet  has  found  it  practically  con- 
venient for  actual  fingering  not  to  take  account  of  the  sharpening  or  flat- 
tening, but  merely  of  the  direction  of  change,  reckoning  by  ascending 
Fifths  in  each  case. 

If  the  set  of  twelve  tones  forming  tempered  Fifilis  be  reduced  to  one 
Octave  commencing  on  the  second  of  them,  they  will  stand  in  the  fi>llow- 
ing  order  of  pitch.  They  are  here  associated  above  with  the  names  of  the 
tones  in  equal  temperament,  and  below,  first,  with  the  names  of  the  48 
tones  in  the  middle  section  of  Table  V.,  below  (each  tone  being  sharper 
by  a  skhistic  comma  than  the  one  here  below  it),  and,  secondly,  with  the 
27  mean  tones  (each  tone  being  flatter  by  a  just  diesis  than  the  one  here 
below  it).     Each  series  begins  with  an  F  tone  and  ends  with  a  Bb  tone. 
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To  avoid  the  increasing  complexities  of  notation,  Mr.  Bosanquet  uses 
the  equal  temperament  symbols  with  all  their  synonyms  (given  in  Table 
VI.,  B,  col.  Equal)  to  represent  the  twelve  tones  forming  Fifths  in  one  set 
arbitrarily  selected,  for  example  the  second  skhistic  line  above,  and  pre- 
fixes a  sloping  line  drawn  upwards  from  bottom  to  top  (here  represented  by 
a  turned  acute  accent)  to  indicate  the  line  above,  and  a  sloping  line  drawn 

*  The  sharpening  and  flattening,  indeed,  is  not  necessarily  confined  to  skhismatic 
and  commatic  temperaments  as  in  the  examples  just  given.  For  example,  in  the 
PlTtbagorean  temperament,  which  is  commiatic,  12  Fifths  are  sharper  than  7  Octaves. 
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downwards  from  top  to  bottom  (here  represented  by  a  second  ^rave  accent) 
to  indicate  a  line  below,  as  shewn  above.  The  application  of  this  notation 
to  the  cycle  of  53  is  shewn  in  Table  VI.,  B,  col.  Bosanqnet.  In  just  in- 
tonation two  increments  have  to  be  considered,  for  sets  of  twelve  Fifths 
and  for  columns.  The  series  of  Fifths  in  each  column  might  then  bo 
represented  in  the  usual  way  (without  f  &n<i  {,  as  in  Table  VI.,  B,  cdl. 
Pythagoras),  and  Mr.  Bosanquet's  degree-marks  might  be  employed  to 
indicate  the  column  to  which  any  tone  belongs,  in  place  of  Herr  von 
Oettingen's  bars  above  and  below,  as  suggested  in  Table  IV.,  because 
these  sloping  lines  (^  ^^,  ^  ^J  are  much  more  convenient  typographically,  and 
also  because,  unlike  the  other,  they  can  be  applied  to  the  staff  notation, 
on  which  Mr.  Bosanquet  uses  them  in  all  music  for  his  keyboard. 

Now,  referring  to  Table  IX.,  it  will  be  seen  that  it  is  divided  by 
columns  and  cross  lines  into  equal  oblongs,  4  in  each  of  its  13  columns, 
the  last  being  merely  a  repetition  of  the  first.  Each  column  is  headed  by 
the  numbers  of  Fifths  as  above,  and  contains,  in  capital  letters  (one  in 
each  oblong),  the  four  skhistic  tones  given  above ;  in  small  letters,  the  two 
or  three  mean  tones  also  given  above,  and  four  numbers  of  the  tones  in 
the  cycle  of  53  (as  in  Table  VI.,  B,  col.  Bosanquet).  At  each  side  of  the 
table  the  lines  are  numbered  in  sets  of  12,  and  it  will  be  found  that  the 
cross  lines  dividing  any  column  are  on  the  lines  bearing  the  same  number 
as  that  at  the  head  of  the  column.  That  is,  each  oblong  advances  one 
line  upwards  for  every  Fifth  that  its  tone  advances  upwards,  and  as  the 
length  of  every  oblong  is  12  times  tlie  interval  between  two  lines,  at  the 
end  of  twelve  removes  the  bottom  line  of  the  oblong  is  on  a  level  with 
its  original  upper  line,  as  may  be  seen  for  the  oblong  C  line  2  in  the 
column  headed  2,  which  moved  up  to  line  3  would  be  in  a  position 
parallel  to  G  in  the  column  headed  3,  and  moved  up  to  line  4  would  be  in 
a  position  parallel  to  D  in  the  column  headed  4,  and  so  on.  It  will  be 
ibund  that  the  nimibers  which  head  the  columns,  or  2,  9,  4,  11,  6,  1,  8,  3, 
10,  5,  12,  7,  increase  by  7  and  diminish  by  5  alternately  (adding  or  sub- 
tracting 12  where  necessary),  and  that  the  alternate  numbers  increase  by 
2,  as  2,  4,  6,  8,  10,  12  and  9,  11,  13  (=  1),  3,  5,  7.  In  the  same  way, 
taking  the  lower  lines  of  the  oblongs,  it  will  be  sc^i  that  we  ascend  7 
lines  and  descend  5  lines  alternately  in  passing  from  column  to  column, 
but  if  we  pass  to  alternate  columns  we  ascend  2  lines  every  time.  This 
gives  a  ready  means  of  constmctiDg  the  figure.  The  table  might  be  con- 
tinued indefinitely  up  or  down,  and  in  point  of  fact,  Mr.  Bosanquet  has  7 
oblongs  in  each  column,  bearing  the  numbers  1  to  7,  6  to  12,  10  to  16, 
&c.,  as  shewn  at  the  bottom  of  the  table ;  so  that,  as  there  would  be  84 
oblongs  to  the  octave  and  only  53  numbers,  because,  as  already  implied, 
the  convenience  of  playing  requires  several  numbers  to  occur  on  two 
oblongs,  one  at  the  top  and  the  other  at  the  bottom  of  the  table. 

The  following  are  practical  points  of  construction.      Each  interval 
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between  two  lines  is  ^  inch ;  each  oblong  is  therefore  8  inches  long. 
Each  column  is  f  inch  wide ;  the  thickness  of  the  line  dividing  the  columns 
is  ^  inch ;  hence  the  distance  from  the  centre  of  one  oblong  to  the  next  is 
^  inch.  Used  as  a  digital  each  oblong  rises  -^  inch  when  its  base  is  dis- 
placed ^  of  an  inch  ;  hence  the  difference  of  the  numbers  at  the  head  of 
the  column  shews  the  number  of  quarters  of  an  inch  in  longitudinal,  and 
the  number  of  twelfths  of  an  inch  in  vertical  displacement.  Thus  the 
digital  for  C  is  nearer  to  the  performer  hy  \  inch,  and  vertically  -^  inch 
lower  than  that  for  Db;  but  further  from  the  performer  by  ^  inch,  and 
vertically  ^  inch  higher  than  that  for  CS .  After  proceeding  through  a 
complete  set  of  Fifths,  the  digital  is  further  from  the  performer  by  3  inches, 
and  vertically  I  inch  higher  than  before.  The  end  of  each  digital  next 
the  performer  is  provided  with  a  /tjp,  ending  in  a  semicircle,  and  extending 
half-an-inch  beyond  the  B  inches  of  the  digital  proper ;  this  lip  forms  a 
thin  projecting  ledge,  and  from  the  commencement  of  the  digi^  proper 
the  lower  wall  is  bevelled  away  at  about  an  angle  of  45^  to  allow  of  the 
finger  coming  readily  below  the  lip  and  reaching  to  the  end  of  the  digital 
immediately  imder  it.  As  a  guide  to  the  eye,  Mr.  Boaanquet  blackens  the 
'  chromatic '  columns  of  digitals,  as  on  an  ordinary  piano,  and  shews  the 
sets  of  twelve  Fifths,  by  placing  his  marks  of  degrees  (^  ^^  ^  ^J  on  the  ver- 
tical thickness  of  the  lip  of  each  digitaL  In  Table  IX.  I  have  suggested 
marking  the  '  natural  *  columns  alternately  white  and  red,  and  the  '  chro- 
matic *  columns  alternately  blue  and  black,  because  these  colours  are 
readily  seen,  and  mark  the  sets  of  Fifths  distinctly.  The  colour  suggested 
for  the  commencing  and  concluding  digital  in  each  column  is  placed  over 
and  under  it  in  Table  IX.  Mr.  Bosanquet,  however,  prefers  keeping  to 
the  usual  white  and  black.' 


>  Mr.  Bosanquet's  harmonium  of  4^  Octaves  with  84  yibraton  to  the  Octave,  was 
built  by  Mr.  T.  A.  Jennings  (address  127,  Pentonville  Road,  London,  N.),  vdio 
had  already  built  him  an  organ.  Being  an  experimental  instrument,  the  expense  was 
increased  by  time  occupied  in  designing,  experimental  actions,  alterations,  and  addi- 
tional windchests  and  the  construction  of  a  tuning  machine,  but  the  whole  expense 
firom  first  to  last  did  not  exceed  £150.  The  keyboard  itself  was  made  direct  from 
Mr.  Bosanquet's  drawings  by  Messrs.  Henry  Brooks  &  Co.,  pianoforte  action  makers, 
31  to  35,  Cumberland  Market,  Begent*s  Park,  London,  W.  As  only  12  patterns  were 
required  (for  a  single  set  of  twelve  Fifths  repeated  7  times),  the  cose  was  only  £29 
(included  in  the  above  £150),  as  against  the  £50  paid  for  Gen.  T.  Perronet  Thomp- 
son's keyboard.  There  is  no  patent  in  the  way,  and  the  description  in  the  text  (which 
has  been  made  very  full  for  this  purpose)  might  suffice  for  any  English  or  foreign 
builder  to  complete  an  instrument.  But  the  experience  of  Mr.  Jennings  would  cer- 
tainly facilitate  the  work  and  lighten  the  expense.  He  roughly  estimates  that  he 
could  make  an  harmonium  on  Mr.  Bosanquet's  plan,  with  the  generalised  keyboard, 
in  an  ordinary  mahogany  case,  with  4^  Octaves,  and  36  digitals  to  the  Octave,  for  £52, 
with  48  for  £70,  with  60  for  £90,  with  72  for  £108,  and  with  84  for  £126,  all  expenses 
iucludtid.     No  musical  lecture  room  should  be  considered  complete  without  an  in- 
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It  is  clear  that  Prof.  Helmholtz^s  or  M.  Gii^roult's  compass  could 
most  readily  be  played  with  this  keyboard.  It  is  only  necessary  to  select 
the  tones  on  Table  IX.  from  the  descriptions  already  given,  Nos.  3  and  8, 
and  Nos.  4  and  9.  The  same  also  holds  for  the  hephtharmonium  and 
hexharmonium  of  No.  10.  In  all  instruments  it  is  of  great  importance 
to  avoid  stops  for  r^ulating  intonations,  retaining  them  merely  for  the 
regulation  of  quality  of  tone.  But  considering  the  ease  with  which  36 
tones  to  the  Octave  can  be  mastered  on  this  board  as  for  Mr.  Poole's 
compass  (No.  6),  and  the  importance  of  these  additional  12  tones,  even  for 
experimental  purposes — no  practical  instrument  can  dispense  with  them — 
it  would  scarcely  be  worth  while  to  make  an  instrument  with  a  less  com- 
pass ;  Table  IX.  shews  the  positions  occupied  by  the  36  tones  named  in 
No.  6,  or  No.  8,  or  No.  9.  In  Table  IX.,  for  convenience,  48  tones 
alone  have  been  considered,  and  the  fingerboard  is  represented  as  complete 
for  that  number  in  order  to  shew  the  terminations  at  top  and  bottom,  but 
any  number  of  tones  could  be  used  consistently  with  the  performer^s  being 
easily  able  to  reach  across  the  whole  manual.  The  dimensions  given 
shew  that  for  these  48  digitals,  the  extreme  depth  (firom  the  bottom  of  the 
£b  or  11  column,  to  the  top  of  the  At>  or  10  column)  is  15  inches,  and  the 
width  for  an  Octave  is  6  inches,  and  for  5  Octaves  and  a  note  30^  inches, 
which  is  much  smaller  than  for  my  great  duodenary  with  the  same  com- 
pass For  60  digitals  to  the  Octave  the  depth  would  be  18  inches,  and 
for  72  it  would  be  21  inches,  which  may  be  considered  the  extreme  for 
non-cyclical  temperaments.  For  joining  on  the  top  tones  to  the  bottom 
Mr.  Bosanquet  uses  84  tones  in  his  cycle  of  53,  and  43  tones  in  Huy- 
ghens*s  cycle  of  31. 

It  is  evident,  from  inspection,  that  the  fingering  would  be  precisely  the 
same  in  all  duodeneSy  although  different  from  the  ordinary  fingering. 
Hence  it  is  only  necessary  to  learn  the  fingering  of  one  duodene,  and  to 
use  the  duodenal  as  before  to  mark  the  duodene.^     This  dispenses  with 

strument  of  at  least  4^  digitals  to  the  Octave,  taned  in  practically  just  intonation 
(p.  656),  when  it  can  be  obtained  at  so  low  a  price. 

>  The  duodene  is  readily  picked  out  on  the  board.  The  root  being  selected  (say  C), 
the  major  Third  above  (say  £)  is  on  the  fourth  column  to  the  right  (or  eighth  to  the 
left),  and  one  Fifth  lower  in  rank,  that  is,  it  is  on  a  level  with  the  lower  half  of  the 
digital  of  the  root ;  and  the  major  Third  below  (say  fAb  )  is  on  the  fourth  column  to 
the  Uft  (or  eighth  to  the  right)  and  one  Fifth  higher  in  rank,  that  is,  it  is  on  a  level 
with  the  upper  half  of  the  digital  of  the  root  Having  obtained  this  trine,  the  Fifths 
above  (say  G  and  D  from  C ;  B  and  Fff  from  £ ;  and  t£b  and  fBb  f^m  fA  b)  rise  one 
and  two  ranks,  being  on  the  same  level  with  the  middle  part  of  the  digital  of  the  tonic 
(say  C,  £,  and  fAb  respectively),  and  in  the  seventh  and  eectmd  column  to  the  right 
(or  the  fifth  and  tenth  to  the  left  respectively),  and  the  Fifths  below  (say  F  from  C,  A 
from  E,  and  Db  for  fAb  )  lie  on  the  same  level  with  the  lip  of  the  digital  of  the  tonic 
(say  C,  C,  and  fAb  )  respectively,  and  on  the  seventh  column  to  the  l^t  (or  fifth  to  the 
right)  respectively.    These  directions  may  be  easily  verified  on  Table  IX.,  and  imme- 
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Mr.  Bosanquet's  degree  marks  (^  ^^,  ^  ^^)  on  the  staff  itself.     But  consider- 
ing the  ease  with  which  it  is  possible  on  this  keyboard  to  touch  a  tone  one 
skhistic  comma  higher  or  lower  than  that  required  in  the  duodene  itself, 
it  may  be  convenient  when  the  true  is  used  for  the  false  minor  chord  on 
the  second  of  the  key,  to  indicate  the  motion  by  writing  the  mark  of  an 
ascending  or  descending  degree  before  the  required  notes  (meaning  one 
tempered  comma  higher  or  lower  than  the  tone  in  the  current  duodene), 
9Ad  ,f  (X  or  ^  f  a  in  lieu  of  the  more  correct  method  of  marking  the 
dominant  or  subdominant  duodenation.      Similarly  it   becomes  easy  to 
play  the  chord  of  the  dominant  Seventh  ss  g  b  d  Xf'  i^^  place  oi  g  hct  f, 
and  thus  more  closely  to  imitate  the  natural  Seventh  (p.  539),  as  Mr. 
Bosanquet  generally  prefers.     Now  this '  form  necessarily  does  not  enter 
into  a  duodene  because  it  does  not  belong  to  tertian  harmony  proper,  bat 
is  a  tempered  imitation  of  septimal  harmony.     We  may,  then,  in  any  duo- 
dene use  the  mark  of  a  descending  degree  to  shew  that  this  extra  duoden- 
ary tone  is  to  be  played,  thus :  in  the  duodene  of  C,  ^  ft  d'  J" ;  in  that 
ofFyCeg  bb. 

For  equal  temperament  Mr.  Bosanquet^s  board  would  reduce  to  li^ 
digitals  forming  a  uniform  row  of  the  same  height  and  length,  with  the 
ends  of  the  oblong  in  the  same  straight  line,  and  giving  apparently  the 
same  fingering  in  all  keys.  But  it  is  known  that  such  fingering  would  be 
impracticable.  If,  however,  we  took  the  27  tones  of  mean  intonation,  as 
shewn  by  the  italics  on  Table  IX.,  and,  retaining  the  digitals,  tuned  the 
vibrators  belonging  to  them  in  each  column  in  unison  (as  bU ,  c,  in  the 
first  column,  cU  and  db  in  the  second,  and  so  on),  it  is  evident  that  the 
same  fingering  would  apply  to  equal  as  to  mean  temperament.  We 
should  thus  get  a  means  of  fingering  all  keys  in  the  same  way  even  in  equal 
temperament.  This  use  of  two  digitals,  differently  situated,  for  the  same 
tone,  for  facilitating  fingering,  was  suggested  to  me  by  the  practice  of 
tuning  English  concertinas  in  equal  temperament  (as  explained  on  p.  681), 
and  is  in  fact  similar  to  the  duplication  of  digitals  for  cyclical  tempera- 
ments already  mentioned.  Of  course  such  a  fingerboard  is  not  likely  to 
be  adopted  (unless  for  the  experimental  convenience  of  introducing  the 
contrast  of  equally  tempered  intonation  on  a  akhismatic  instrument  by 
means  of  a  stop,  retaining  the  fingerboard),  but  its  existence  shews  how 
one  of  the  difficulties  of  ordinary  fingering  could  be  overcome. 

diately  give  the  proper  fingering  for  every  possible  scale.  A  line  drawn  from  8  on  tht 
left  to  3  on  the  right  in  Table  IX.,  passes  just  above  the  end  of  the  oblong  C,  and  hence 
J  inch  above  the  end  of  its  lip,  jost  below  the  end  of  the  oblong  D  and  hence  \  inch 
above  the  end  of  its  lip,  through  E  and  F,  at  the  end  of  G,  and  hence  ^  inch  above  the 
end  of  its  lip  and  through  A  and  B.  Hence  the  major  scale  of  any  tone  lies  entirely 
on  the  line  passing  through  the  end  of  the  oblong,  that  is  )  inch  above  the  end  of  the 
lip  of  its  dominant  digital.  The  fingering  of  the  minor  scales  then  becomes  easy  hj 
considering  them  as  relative  minors  of  major  scales  (p.  667). 
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The  large  space  here  devoted  to  a  description  of  Mr.  Bosanquet^s 
'  generalised  keyboard*  is  justified  by  the  importance  of  this  invention  to 
singers  and  to  composers  who  wish  to  study  the  full  efEects  of  just  intona- 
tion, in  the  close  approximation  thus  rendered  accessible,  and  by  the 
impossibility  of  fully  appreciating  the  application  of  the  fundamental  pro- 
positions of  the  present  work  to  the  complicated  harmonies  and  modular 
tions  of  modern  music,  without  an  instrument  on  which  they  can  be  fully 
realised. 


SECTION  H. 


MISCELLANEOUS    NOTES     ON     RECENT    ACOUSTICAL    AND    MUSICAL     RESEARCHES 

AND   INSTRUMENTS. 

Art  1.  Professor  Mayer's  Acoustical  Researches, 

Mr.  Alfred  M.  Mayer,  Ph.D.,  Member  of  the  National  (American) 
Academy  of  Sciences,  and  Professor  of  Physics  in  the  Stevens  Institute  of 
Technology,  Hoboken,  New  Jersey,  United  States,  has  recently  published 
a  series  of  acoustical  researches,  of  which  Nos.  I.  to  Y.  have  already  ap- 
peared in  the  '  Philosophical  Magazine,'  and  No.  YL,  which  will  probably 
also  appear  there,  may  be  read  in  '  Silliman*s  Journal.*  The  following  is 
an  abstract  of  some  parts  of  these. 

(la.)  New  Objective  Analysis  of  Compound  Sounds. — The  analysis  of 
compound  sounds  by  resonators  has  two  disadvantages ;  first,  that  it  is 
subjective,  inasmuch  as  but  one  observer  at  a  time  is  capable  of  hearing 
the  results ;  and,  secondly,  that  the  zange  of  pitch  reinf  orceable  by  a  reso- 
nator is  too  great  for  extreme  accuracy  in  the  estimation  of  the  actual 
component  sound  present.  Both  of  these  disadvantages  were  thus  over- 
come.   (*Phil.  Mag.,'  Oct.  1874,  vol.  48,  pp.  271-3,  with  a  figure.) 

A.  Greni^'s  firee-reed  pipe,  of  the  pitch  C  =  128,  had  part  of  its 
wooden  chamber  removed  and  replaced  by  morocco  leather,  at  one  point 
of  which  8  silk  cocoon  fibres  were  attached,  having  their  opposite  ex- 
tremities attached  to  8  tuning-forks  tuned  to  (7,  c,  g,  c ,  e  g'y  g6',  c",  at 
the  point  of  the  upper  node  in  each  where  it  divides  into  segments 
when  giving  its  upper  harmonic,  so  that  this  harmonic  was  eliminated. 
The  cocoon  fibres  were  stretched  till  they  made  no  visible  ventral  s^- 
ments  when  vibrating.  The  reed  was  tuned  accurately  to  the  C  fork  (of 
64  vibrations)  by  means  of  the  g  fork.  The  forks  were  placed  on  proper 
resonance  boxes.  When  the  reed  was  sounded  each  fork  'sang  out' 
loudly,  but  if  the  prongs  of  any  fork  were  only  slightly  loaded,  the  fork 
was  mute,  and  was  so  rapidly  affected  that  Prof  Mayer  estimates  (same 
vol.  p.  519)  that  the  effect  of  intervals  such  as  2000  :  2001  (or  -0087  equal 
Semitones)  can  be  rendered  sensible  to  the  ear.     On  ceasing  to  sound  the 


700  ADDITIONS  BY  THE  TRANSLATOR.     App.  XIX.  H,  I. 

reed,  the  forks  continued  to  sound,  and  produced  a  tone  of  so  nearly  the 
same  quality  as  that  of  the  reed,  that  it  was  easy  to  feel  that  the  difference 
was  due  to  the  absence  of  partials  higher  than  the  eighth. 

By  this  means,  then,  the  analysis  and  synthesis  of  a  compound  tone  can 
be  shewn  to  a  large  audience  at  once,  and  all  doubt  as  to  its  objective 
reality  removed.  At  the  same  time  the  air  in  the  resonance  chamber  of 
the  reed  acts  on  the  leather  cover,  as  in  hearing  it  would  have  acted  on 
the  drumskin  of  the  ear,  and  the  conduction  of  that  vibration  by  the  cocoon 
fibres  replaces  the  complicated  arrangements  in  the  interior  of  the  drum 
and  the  fluid  of  the  labyrinth  of  the  ear,  while  the  forks  themselves  serve 
as  the  organs  in  the  cochlea.  Prof.  Helmholtz*s  physiological  theory  of 
audition  is  thus  perfectly  exhibited  in  a  '  working  model.'  The  action  of 
the  resonance  chambers  of  the  forks  is  simply  to  make  the  effects  heard  at 
a  distance. 

This  is  the  last  of  six  methods  of  resolution  mentioned  in  '  Phil.  Mag.* 
January  Supplement,  1875,  vol.  48,  pp.  514-521,  where  some  additional 
particulars  are  given.  The  other  five  methods  are,  1)  by  resonators  ap- 
plied  to  the  ear,  2)  by  resonators  applied  to  Koenig's  manometric  flamai 
(p.  581  above),  3)  by  resonators,  with  their  nipple  stopped,  successively 
brought  before  the  compoimd  tone,  and  hence  successively  reinforcing  its 
partial  tones,  4)  by  resonant  boxes  (carrying  tuning-forks,  and  accurately 
tuned  to  the  partial  tones),  which,  by  the  action  of  the  air,  excite  their 
forks,  and  these  remain  sounding  after  removal,  5)  by  the  beating  of  the 
harmonics  successively  with  a  seri^  of  forks  slightly  out  of  tune  with  it, 
managed  generally  by  flattening  the  tone  to  be  analysed.  Another  method 
is  adduced  below,  art.  9  of  this  section.  The  agreement  of  so  many  dif- 
ferent methods  of  analysis  removes^all  doubt  as  to  the  effective  compound 
nature  of  musical  sounds.  The  following  experiments,  "completing  the 
laws  of  beats,  lead  to  the  same  conclusion. 

(lb.)  Limits  of  the  Damping  Powers  of  the  Ear  at  Different  Pitches, 
or  of  the  Rapidity  of  Audibly  Separable  Impulses  (*  Silltman's  American 
Journal  of  Science  and  Arts,'  3rd  series,  vol.  8,  Oct.  1874,  pp.  241-255, 
with  a  figure ;  a  paper  read  before  the  National  Academy  of  Sciences  at 
Washington,  April  23,  1874).— See  App.  XV.,  p.  626-9. 

Mode  of  experiment :  A  tuning-fork  was  placed  before  a  resonator  which 
was  connected  with  one  ear  (the  other  plugged)  by  an  india-rubber  tube; 
between  the  fork  and  resonator,  revolved  with  known  speed  a  perforated 
disk,  with  apertures  equal  to  the  opening  of  the  resonator,  and  blanks 
between  them  of  twice  that  width.  Sometimes  a  gutta-percha  funnel  was 
used  in  place  of  the  resonator,  and  a  stopped  organ- pipe  in  place  of  a 
tuning-fork.  The  sound  was  thus  heard  and  cut  off  at  definite  intervals. 
The  object  was  to  determine  how  rapidly  the  strokes  of  sound  succeeded 
each  other  before  they  completely  blend^  into  one  continuous  tone.  The 
following  were  the  results  :  — 
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Simple  Tones 
experimental  on 


c 

c 

e 


Vibrational 

Knmbers 

=  N 


64 
128 
256 
384 
612 
640. 
768 
1024 


Duration  of  Resldnal  Sensations, 
or  rrciprocal  of  the  nimiber 
of  beats  prodacing  a  oonti- 
nnoos  scxuiation  of  sonnd 
s  D 


Nomber  of  Waye-lengths  con -I 
tained  in  each  one  of  the 
separate  beats  when  conti- 
nuous sensation  was  produced 


T3S   "" 


'0625  seconds 

•0384 

•0212 

•0166 

• 

•0128 

•0111 

•0091 

•0074 

40 
4*9 
5-4 
6*4 
6-5 
7-1 
70 
7-6 


•0001. 


The  law  connecting  D  and  N  in  these  experiments  (exclusive  of  e\  whicl 
lies  outude  of  it)  is 

VN  +  23  J 

The  diminution  of  D  as  N  increases  is  important,  (roughly  but  by  nc 
means  accurately  D  x  N  is  constant.)  All  observers  make  Uie  numben 
of  beats  producing  maximum  dissonance  to  be  a  fixed  fraction  of  th< 
number  of  beats  giving  continuous  sensationa  at  each  part  of  the  scale 
The  fraction  varies  from  0^3  to  0*6  in  different  individuals,  and  is  possiblj 
0'4  on  an  average.  Hence  the  interval  producing  the  maximum  disso- 
nance will  be  found  by  adding  0*4  times  the  denominators  of  the  vulgai 
fractions  in  column  D  to  the  vibrational  number  in  N,  for  the  higher  tone 
and  using  N  for  the  lower ;  and  the  interval  for  which  beats  will  be  in- 
audible, because  the  audible  impression  of  the  first  will  not  have  died  oui 
before  the  next  following  beat  is  heard,  will  be  founded  by  adding  the 
whole  denominators  in  D  to  the  corresponding  N.  In  this  way  the  follow- 
ing Table  may  be  formed,  which  is  partly  given  by  Prof.  Mayer 
and  is  partly  here  calculated,  and  in  especial  the  interval  is  given  in  equal 
semitones. 


From  the 

Interral  of 

Its  No.  of  Equal 

Interral  of 

Its  No.  of  Equal 

Note 

Continuity  of  tone 

Semitones 

Maximum  dissonance 

Semitones 

c 

64:       64+    16 

3-86314 

64  :      64  +   6-4 

165005 

c 

128  :    128+   26 

308185 

128:    iy8  +  io-4 

1-35240 

d 

256  :    256+   47 

2-91808 

256:    256+18-8 

1-23483 

^ 

384  :    384  +    60 

251344 

384:    384  +  24 

1  04956 

?' 

512  :    512+   78 

2-45405 

512:    512  +  312 

1-02408 

«" 

640  :    640+   90 

2-27789 

640:    640  +  36 

0-94741 

f 

768:    768  +  109 

2-29766 

768:    768  +  43-6 

0*95296 

d" 

1024  :  1024  +  135 

2-14398 

1024  :  1024  +  54 

0-88970 

This  Table  shews  *  why  it  is  that  the  middle  portion  of  the  scale  ii 
best  adapted  for  musical  composition  ;  for  while  in  the  lowest  octave  th< 
avaihible  consonant  intervals  are  few  on  account  of  the  spaces  separating 
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them,  in  the  higher  Octaves  the  consonances  are  so  contracted  that  these 
higher  consonant  intenrals  lose  their  sharpneaBof  definition.'  Compare 
above,  p.  259-261. 

These  results  enable  us  to  make  more  exact  such  statements  as  that 
made  by  me  on  p.  291,  note  1,  all  of  which  depend  upon  the  pitch.  It 
is  seen  that  the  interval  of  a  minor  Third  as  the  limit  of  continuity  applies 
only  to  the  Octave  c  to  c .  For  g""j  supposing  the  law  connecting  D  and 
N,  given  above,  to  hold  for  such  a  high  pitch,  the  interval  of  continni^ 
would  have  the  ratio  3D72  :  3072  +  225,  or  1*22469  equal  semitones, 
and  the  interval  of  maximum  dissonance  would  be  0*49443  equal  semi- 
tones, so  that  the  interval  of  one  semitone  is  near  the  limit  of  continuity ; 
hence  it  is  not  surprising  that  no  beats  were  heard  in  the  first  case  referred 
to  on  p.  262,  note  1.  But  for  c'"  the  interval  of  continuity  would  haye 
the  ratio  2048  :  2219,  giving  1*62080  equal  semitones,  and  t^e  interval  of 
maximum  dissonance  would  be  0*66836  equal  semitones,  and  hence  the 
beats  of  the  second  case,  there  noted,  should  be  quite  conspicuous,  agree- 
ing with  observations.  This  is  a  simple  instance  of  the  explanation  which 
this  law  gives  of  apparent  anomalies. 

Referring  to  p.  215  above.  Prof.  Mayer  says :  *  If  we  apply  the  law 
to  vibrations  below  40  per  second,  when  they  do  not  produce  a  continuous 
sound,  but  explosive  sensations  in  the  ear,  we  reach  a  remarkable  result 
Thus  the  residual  sensation  corresponding  to  30  vibrations  in  a  second 
should  remain  in  the  ear  -^  of  sl  second  after  the  vibrations  outside  the 
ear  have  ceased ;  then  we  at  once  ask  why  is  it,  if  the  residual  sensation 
last  ^  of  a  second,  that  30  beats  or  pulses  in  a  second  do  not  blend  ?  Do 
not  3  distinct  impulses  fall  on  the  ear  in  each  -j^  of  a  second  ?  For  they 
follow  one  another  at  -^j^  of  a  second.  This  abrupt  breaking  down  of 
the  law  can  only  be  explained  by  the  highly  probable  supposition  that  oo- 
vibrating  bodies  in  the  ear,  tuned  to  vibrations  below  40  per  second,  do 
not  exist,  and  therefore  .  .  .  the  inner  ear .  .  .  can  only  vibrate  en  rruusej 
and  the  durations  of  these  oscillations  of  the  ear,  as  a  whole,  are  fiu:  too 
short  to  remain  ^  of  a  second.'  For  very  high  tones  he  conceives  that 
the  vibrations  of  the  inner  ear  vibrating  as  one  mass,  might  last  long 
enough  to  make  the  tone  continuous,  but  not  to  discriminate  pitch. 

Revolving  a  perforated  disk  before  a  compound  sound,  the  beats  being 
conducted  to  the  ear  by  funnel  and  tube,  as  the  rapidity  of  revolution 
diminished,  the  partials,  beginning  with  the  highest,  &11  into  beats  and 
become  discontinuous  in  succession,  beginning  with  the  highest,  but  when 
they  are  reduced  thus  to  beat  all  in  imison,  the  effects  of  the  beats  are 
different,  because  those  of  the  highest  approach  most  nearly  to  the  rate  of 
greatest  dissonance.  This  analysis  of  sound  is  similar  to  that  of  light 
Prof.  Mayer  refers  to  a  passage  in  Helmholtz's  *  Physiological  Optics' 
(German  Edition,  in  Karstens's  *  Encyklopadie  der  Physik,'  1867,  vol.  9, 
p.  380,  French  translation,  1867,  p.  500),  in  which  a  disk  of  black  and 
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white  sectors  is  rotated,  at  first  slowly  and  then  with  increamng  rapidity, 
and  is  observed  by  an  eye  which  takes  care  not  to  follow  the  moving 
figure  In  this  case  the  white  appears  reddish  on  the  first  advancing,  and 
bluish  on  the  following  edge,  and  the  colour  alters  with  intensity  of  light 
and  speed  of  rotation.  Tlie  general  conclusion  is  that '  when  a  point  of 
the  retina  is  illumined  by  white  light  and  darkened  in  rapid  rotation,  so 
that  the  retina  is  in  an  alternate  state  of  exalted  and  depressed  excitement, 
the  moment  of  maximum  excitement  is  not  the  same  for  all  colours^  but  that 
excitement  for  red  and  violet  occurs  earlier  than  for  green.' 

The  quality  of  a  tone  immediately  on  its  cessation,  continually  changes 
the  persistence  of  the  sensation  of  the  lower  partials  over  the  upper.  This 
is  analogous  to  the  instantaneous  action  of  light  on  the  eye,  and  the  suc- 
cession of  sensations  of  colour  after  the  eye  is  closed. 

Prof.  Mayer  draws  attention  to  the  fact  that  his  beats  were  all  tones 
of  the  same  pitch,  whereas  the  beats  of  imperfect  consonances  are  tones  of 
variable  pitch  (App.  XIV.,  p.  625). 

(Ic.)  Observations  on  the  Sensitive  Hairs  of  the  Antenna  of  the  Culex 
Mosquito, — In  a  paper  in  the  *  Philosophical  Magazine,*  1874,  vol.  48,  p. 
876,  Prof.  Mayer  has  established  that  the  fibrils  of  the  antennse  of  the 
male  Culex  Mosquito  are  acoustic  organs  vibrating  to  sounds  extending 
through  the  middle  and  next  higher  Octave  of  the  scale,  c  to  c",  about 
the  compass  of  the  song  of  the  female.  Moreover,  these  fibrils  do  not  vi- 
brate if  the  front  of  the  wave  of  sound  is  parallel  to  its  length,  so  that  the 
insect  can  determine  direction  by  the  motion  of  his  antennie,  and  thus 
direct  himself  to  the  female  in  the  dark.  But  Prof.  Mayer  does  not  think 
that  either  this  vibration  or  that  of  the  hairs  of  the  Mysis  (p.  225  above) 
prove  Prof.  Helmholtz's  hypothesis  of  the  action  of  Corti's  organs^  which 
he  considers  to  be  a  different  arrangement. 

(Id.)  Sharpening  and  Flattening  Tones  by  Motion. — Compare  p.  247 
above.  In  the  'Philosophical  Magazine,'  1872,  vol.  43,  p.  278,  Prof. 
Mayer  gives  the  result  of  simple  experiments  shewing  that  translation  of 
a  vibrating  body  affects  its  wave  length,  sharpening  the  sound  by  approach 
and  flattening  by  retreat  And  in  the  paper  cited  in  (lb)  he  mentions  in- 
cidentally that  by  rapidly  rotating  a  vibrating  tuning-fork  he  was  able  to 
raise  its  pitch  by  nearly  a  minor  Third. 

(le.)  Harmonic  Curves  (see  p.  600). — In  the  *  Philosophical  Maga- 
zine,' Supplement  for  January  1875,  vol.  48,  pp.  520-525,  Prof.  Mayer 
gives  curves  compounded  by  six  curves  of  sines  (p.  35),  representing  six 
partial  tones,  where,  for  convenience,  the  amplitudes  are  taken  to  vary  aa 
the  wave  lengths,  and  to  have  the  same  initial  phase.  They  are  com- 
bined by  taking  the  algebraical  sum  of  their  ordinates,  which  law  would 
of  course  not  hold  true  for  the  amplitudes  chosen  (about  one-third  of  the 
length  of  the  wave).  The  resulting  figure  bears  a  most  remarkable  resem- 
bknce  to  fig.  25,  p.  134  above.    There  is  the  same  sudden  rise  on  the  left, 
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and  step- like  descent  on  the  right ;  hut  the  steps  are  mare  ronndedy  and 
the  upper  crest  more  pointed,  and  there  are  five  steps  in  addition  to  the 
crest.     Prof.  Majer  then  combines  two  snch  compound  corFes,  and  thus 
produces  the  resulting  curves  of  two  compound  tones  forming  an  Octare 
(with  one  h^h  and  one  low  crest,  and  also  one  high  and  one  low  trougli, 
and  the  steps  uneven  and  reduced  in  number),  a  Fifth  (with  four  crests, 
two  with  long  and  two  with  short  descents,  the  shorter  having  onlj  one 
step),  and  a  major  Third  (with  eight  crests,  two  extremely  small,  two 
moderate,  three  intermediate  between  the  two  last  kinds,  and  one  high, 
the  ascents  being  abrupt  as  before,  the  descents  rather  wavy  than  stepped). 
These  had  all  been  drawn  on  a  large  scale  with  several  hundred  ordinateR, 
and  were  reduced  photographically.     They  form  an  excellent  practical 
illustration  of  the  nature  of  harmonic  motions. 

Art  2.  Mechanical  Description  of  Combined  Vibrations. 

(2a,)  Mr.  Donkin's  Machine  for  Compounding  ParcUlel  Vibrations, — 
In  the  Proceedings  of  the  Royal  Society  for  19  Februaiy,  1874,  vol.  22, 
pp.  196-199,  Mr.  A.  B.  Donkin,  M.A.,  Fellow  of  Exeter  College,  Ox- 
ford, gives  an  account  of  '  an  instrument  for  the  composition  of  two 
harmonic  curves,*  placed  so  that  the  vibrations  are  in  the  same  straight 
line,  with  a  drawing  cf  the  machine,  which  I  have  seen  at  work  at  the 
makers',  Messrs.  Tisley  and  Spiller,  172,  Brompton  Road,  South  Kensing- 
ton. By  an  arrangement  of  toothed  wheels,  which  can  be  varied,  all  the 
usual  ratios  can  be  used,  and  any  alteration  of  phase  chosen.  The  curves 
are  usually  much  compressed,  the  amplitudes  being  much  greater  than  the 
wave  lengths ;  but  there  is  an  arrangement  for  increasing  the  wave  length. 
The  effects  are  very  interesting.  Mr.  Donkin  kindly  sent  me  examples  of 
the  ratios  54  :  55,  8  :  9,  1  :  2,  and  1  :  3,  the  last  in  three  forms  with 
different  relations  of  amplitude,  but  all  shewing  one  high  and  two  low 
crests,  which  by  their  arrangement  over  some  50  waves  bring  out  inter- 
mediate forms  of  great  beauty.  The  imperfect  imisons  54  :  55  and  8  I  9 
bring  out  the  beats  very  clearly,  the  crests  regularly  increasing  to  a  maxi 
mum  and  then  decreasing  almost  to  nothing.  The  machine  can  of  course 
only  combine  two  waves  representing  simple  tones,  and  hence  does  not 
shew  the  results  of  harmony  proper,  as  in  Prof.  Mayer's  drawings 
(Art.  :e). 

(2b.)  Mr.  Tisletfs  Machine  for  Compounding  Rectangtdar  Vibr€Uions. 
— This  is  a  most  successful  combination  of  two  pendulums  swinging  at 
right  angles  and  simultaneously  actuating  a  pen,  which  draws  all  the  figures 
of  Lissajous  (^g.  23,  p.  131  above)  to  any  ratio,  commensurable  or  incom- 
mensurable, producing  beautiful  results,  which  instead  of  being  fleeting, 
and  when  a  spot  of  light  is  made  to  move  by  mirrors  attached  to  tuning- 
forks,  are  preserved  for  permanent  study.  The  machine  is  figured  and 
described  in  *  Engineering,'  6  February,  1874,  vol.  17,  No.  423,  p.  101. 
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Art.  3.  Refa-ence  to  Proofs  of  FounWs  Theorem, 

The  most  accessible  demonstration  of  this  theorem  is  in  Donkiii  8 
'Acoustics,*  pp.  60-66.  Mr.  James  O'Kinealy,  of  the  Bengal  Civil  Service, 
communicates  to  the  'Philosophical  Magazine,'  August  1874,  vol.  48,  p. 
95,  a  new  proof  of  the  theorem  by  an  analytical  process  lor  periodic 
functions,  making  it  d**pend  upon  the  solution  of  an  exponential  differen- 
tial equation,  treated  symbolically.  There  is  also  a  lull  investigation  of 
these  series  in  l*rof.  M.  Ohm's  *  System  der  Mnthematik,'  vol.  9,  1852,  pp. 
286-357. 

Art.  4.  M,  TerquenCa  Tonometer, 

M.  Terquem  has  constructed  a  new  tonometer,  by  means  of  Lissajous's 
vibroscope  and  tuning-forks,  with  runners  giving  the  absolute  vibrationnl 
numbers  to  the  second  decimal  place.  It  is  described  in  the  '  Comptea 
Kendus,'  January  12,  1874,  and  the  'Philosophical  MagAzino,'  March 
1«74,  vol.  47,  p.  212. 

Art.  5.  Dr,  W.  FT,  Stone^s  InstrumefUal  Researches. 

Referring  to  p.  267  above,  respecting  the  deepest  tones  which  can  be 
heard,  and  also  to  Prof.  Mayer's  suggestions,  as  lo  the  cause  of  our  hear- 
ing tones  of  30  vibrations  and  under  as  more  or  leas  discontinuous  pulses 
(p.  702),  and  knowing  the  efforts  which  Dr.  Stone  had  made  to  restore 
deep  tones  to  the  orchestra,  I  requested  him  to  give  me  an  account  of  his 
researches,  which  he  has  obliged  me  with  as  follows  in  (5a)  and  (5b). 
Much  of  the  success  of  Dr.  Stone's  double  basso  is  due  to  his  method  of 
strengthening  the  resonance  of  his  instrument.  His  contrafiigotto  has  been 
used  as  an  orchestral  instrument  for  some  years. 

(5a).  New  C,  Conirabasso  and  Temion  Bars  for  Viols. — Dr.  Stone 
has  for  some  years  endeavoured  to  restore  to  the  orchestra  the  lower  notes 
of  the  16-foot  Octave,  which  appear  to  have  been  neglected  of  late.  It 
seemed  a  contradiction  that,  while  the  organ  possessed  that  Octave,  and 
another,  the  32 -foot,  below  it,  and  while  even  an  instrument  of  so  com- 
paratively feeble  a  tone  as  the  pianoforte  could  obtain  these  deep  not(*s, 
they  should  be  absent  from  the  full  band.  Most  of  the  great  composers 
have  employed  them,  especially  Beethoven  and  Onslow.  Many  passages 
of  their  compositions  had  to  be  partially  transposed,  vften  (as  in  tlie  C 
minor  Symphony  of  Beethoven)  much  to  the  detriment  of  the  general 
effect.  In  the  Trio  of  this  great  work  a  scale  passage  occuiB  several  times 
for  the  double  basses  alone,  beginning  on  the  16-foot  G^.  But  this  note 
being  entirely  absent  on  the  ordinary  three- string  basses,  as  used  in  Eng- 
land, it  was  there  customary  to  take  it  either  altogether  or  in  part  in  the 
Octave  above.  Some  players,  indeed,  were  in  the  habit  of  letting  down 
the  A^  or  lowest  string,  by  a  Tone  to  G^  for  this  special  passage  :  but  the 
resonance  of  a  fltring  thus  slackened  was  iar  inferior  to  what  could  be 
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obtained  by  more  legitimate  means.  The  finp  part  for  the  contrafagotto  in 
the  same  symphony,  descending  to  C,  M'as  usually  omitted,  or  played  an 
Octave  higher  by  the  ophicleide.  The  Pastoral  Symphony  likewise  fre- 
quently contains  F^  natural,  a  note  quite  unattainable  except  on  the  four- 
string  basses,  whose  lowest  note  is  E^  (p.  267). 

It  vras  obvious,  in  attempting  to  remedy  this  defect,  tnat  of  the  three 
modes  by  which  vibrations  in  a  stretched  string  may  be  slackened,  two, 
namely,  length  and  thickness,  were  inadmissible.  The  first  renders  the 
instrument  so  large  as  to  be  unwieldy  and  out  of  the  reach  of  an  ordinary 
arm.  The  second  was  found  to  cauKC  rotation  of  the  string  under  the  im- 
pulse of  the  bow  acting  at  its  periphery,  and  thus  to  generate  false  notes. 
The  third  remained,  in  increasing  the  specific  gravity  of  the  string  without 
enlarging  its  diameter.  This  was  satisfactorily  accomplislied  by  covering 
a  gut  string  with  heavy  copper  wire  such  as  is  used  for  the  lowest  strings 
of  pianos.  The  note  C^  was  obtained,  and  an  instrument  thus  strung  was 
exhibited  in  London  in  the  International  Exhibition  of  1872. 

But  it  became  clear  that  to  give  the  new  notes  full  power,  and  to  pre- 
vent  the  danger  of  shaking  the  instrument  to  pieces,  a  means  of  strength- 
ening the  belly  in  the  direction  of  strain  was  required,  which  should  not 
unduly  increase  the  weight  of  the  sound-board.  This  requisite  was  in- 
geniously fulfilled  by  Mr.  Meeson : — Four  strips  of  white  pine  arc  glued 
on  to  the  back  of  the  belly,  running  its  whole  length,  one  on  one  side  of 
the  ordinary  bassbar,  and  tliree  on  its  other  side,  thus  corresponding  in 
number,  and  to  a  certain  degree  in  position,  to  the  increased  number  of 
strings.  Two  of  them  cross  and  intercept  the  usual  /-shaped  sound-holes, 
thus  removing  a  weak  place  in  the  belly,  and  causing  it  to  vibrate  more 
homogeneout»ly.  They  appeared  on  trial  to  add  great  power  to  the  instru- 
ment throughout,  and  to  remove  the  inequality  and  varying  intensity  of 
vibration  which  exists  on  most  old  instruments  even  by  celebrated  makers, 
and  which  musicians  usually  designate  by  the  term  *  wolf.*  The  bars  are 
curved  to  an  elliptical  shape  to  fit  the  hollow  of  the  belly,  and  to  give  the 
greatest  resistance  to  compression  with  the  smallest  quantity  of  material. 
Even  in  a  double  bass  the  quantity  of  wood  required  is  very  small,  and 
from  its  lightness  when  perfectly  dry  it  hardly  exceeds  an  ounce  in  weight. 
From  their  shape  and  function  they  are  termed  eJUptical  tension  bars. 

It  appeared  from  subsequent  experiments  tliat  the  same  system  was 
applicable  to  the  smaller  members  of  the  viol  and  violin  family,  giving  an 
increased  sonority  and  firmness  to  the  tone.  It  succeeds  best  with  violins 
of  sweet  but  feeble  quality,  and  in  some  of  the  older  Italian  instruments, 
where  the  progress  of  decay  had  to  a  certain  extent  diminished  the  volume 
of  sound. 

(5b).  New  C  Contrafagotto. — The  contrafagotto  or  double  bassoon  as 
made  on  Dr.  Stone's  designs  by  Herr  Ilaseneier  of  Coblenz,  consists  of  a 
tube  16  feet  4  inches  long,  truly  conical  in  its  bore,  and  enlarging  from 
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^  inch  diameter  at  the  reed  to  4  inches  at  the  bell  or  lower  extremity. 
It  is  ciir\'ed  four  times  on  itself  for  convenience  of  manipulation ;  so  that 
in  actual  length  it  is  about  equal  to  the  ordinary  bassoon. 

Its  extreme  compass  is  from  C^  upwards  to  the  c,  three  octaves  above 
that  note.  Its  ordinary  range,  however,  should  be  limited  to  the  g  below 
the  highert  & ;  the  notes  above  this  being  rather  difficult  to  produce.  It 
po<«sc8ses  every  semitone  of  the  diatonic  scale  throughout  its  compass,  and 
is  therefore  able  to  play  in  any  key  with  moderate  &cility. 

The  scale  is  founded  on  the  Octave  harmonic,  and  continued  by  means 
of  the  Twelfth.  From  C^  to  F^  only  a  single  sound  is  obtained  by  each 
key.  Between  the  latter  noto,  F^  and  its  double  Octave,  /,  the  same  fin- 
gering produces  two  sounds  of  the  same  name  at  the  interval  of  an  Octave, 
simply  by  a  change  of  embouchure  and  greater  pressure  of  wind.  With 
the  four  foot/5  a  new  harmonic  sound  begins,  using  the  fingering  of  the 
eight  foot  i?Q,  and  by  again  increasing  Mrind-pressure.  Seven  semitones 
thus  procured  carry  the  tone  up  to  the  c  above,  which  is  the  fourth  C 
inclusive  from  the  foundation  note. 

The  holes  firom  which  the  sound  issues  are  of  graduated  size,  increas- 
ing downwards  with  the  size  of  the  bore.  They  are  placed  as  a  rule  in 
their  correct  positions,  so  as  to  cut  off  the  proper  portion  of  tube  corre- 
sponding to  the  elevation  of  the  note.  Mechanism  is  adapted  to  them  so 
as  to  bring  them  within  reach  of  the  fingers:  To  enable  the  player  to 
distinguish  what  are  called  ^  open  '  firom  closed  holes,  a  different  shape  is 
given  to  the  terminations  of  the  levers.  The  first  three  fingers  of  each 
hand,  which  have  to  keep  closed  the  six  open  notes  of  the  scale  in  the 
ordinary  b«issoon,  fall  into  saddle-shaped  recesses  worked  in  the  brass  of  the 
key ;  whereas  the  two  little  fingers  and  the  led  thumb  touch  the  cushion- 
shaped  surface  of  keys  similar  to  those  used  on  other  wind  instruments. 
It  is  in  consequence  very  easy  for  any  person  accustomed  to  the  ordinary 
bassoon  to  adapt  his  playing  to  this.  The  saddle  shape  of  the  key  also 
serves  to  support  the  upper  joints  of  the  finger,  and  to  throw  the  labour  of 
clcsing  the  hole  more  on  the  powerful  muscles  of  the  forearm  than  on  the 
weaker  fabric  of  the  hand  itself. 

The  Contrafagotto  is  not  by  any  means  a  new  instrument.  Haydn 
gives  it  a  part  in  The  Creation^  and  some  other  of  his  works ;  Mozart  uses 
it  occasionally ;  Beethoven  frequently  writes  for  it ;  and  Mendelssohn  has 
employed  it  in  his  overture  the  Hebrides,  in  the  Reformation  Symphonyy 
and  elsewhere.  The  older  instruments  were  of  feeble  rattling  tone,  ren- 
dered unwieldy  by  an  unsuccessful  attempt  to  obtain  the  B\>  of  the  32- 
foot  Octave.  Herr  Haseneier  considerably  improved  on  these,  and  on  his 
excellent  foundation  the  present  instruments,  two  in  number,  were  made. 

(5c).  Pressure  on  the  Lungs  in  Platting  Wind  Instilments ;  and  Effect 
of  Galvanism  on  the  Pitch  of  Strings. — Dr.  Stone,  in  papers  read  before  the 
Physical  Society,  18  April  and  9  May,  1874,  reported  in  the  *  Philoso- 
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phical  Magazine/  Aug.  1874,  vol.  48,  pages  113-115,   has  sliewn   hy  the 
application  of  a  windgauge  actuated  bj  breath  driven  throu^L  a  tube  at  the 
aamc  time  as  through  the  instrument  plajed,  that  in  blowing  wind  instru- 
meots  the  pressures  of  the  wind  are   mostly   '  small,   not  exceeding,  or, 
indeed,  attaining  the  pressure  of  a  fit  of  sneezing  or  coughing,*  and  'are 
therefore  very  unlikely  to  injure  Uie  lungs;*  and  also  that  hy  passing  a 
galvanic  current  through  a  strained  wire  the  pitch  of  its  note  was  materi- 
ally lowered. 

Art.  6.     Afr.  Ilermann  Smith  and  Ilerr  H,  Schneebeli  on  the  Source  oj 

Tone  in  Flute  Organ  Pipes. 

On  pp.  138-143  above.  Prof.  Uelmholtz  has  given  what  is  now  tlie 
ordinary  theory,  (which  supposes  a  flute  organ  pipe  to  reinforce  one  of  the 
sounds  produced  by  the  breaking:  of  the  stream  of  air  directed  from  the 
mouth  hole  against  the  sliarp  lip,)  withcut  entering  upon  the  resulting 
difficulties.  Very  recently  an  entirely  different  theory  has  been  proposed 
by  Mr.  Ilermann  Smith,  who  has  been  practically  conversant  with  organ 
pipes  for  twenty  years,  in  a  series  of  letters,  fii^t  in  the  '  English  Mechanic,* 
and  afterwards  in  '  Nature,* '  and  subsequently,  but  to  all  appearance  quite 
independently,  by  Herr  Schneebeli  in  *  Poggendorff's  Annals.'*  Referring 
to  the  original  papers  for  complete  information,  I  will  endeavour  to  give  a 
sliort  account  of  their  views,  which,  however,  I  do  nut  feel  sure  of  having 
always  completely  understood,  and  which  1  have  had  no  opportunity  of 
properly  tenting  by  experiment. 

Herr  Schnet  beli  had  an  experimental  pipe  constructed  in  the  usual 
way ;  with  glass  back  and  a  movable  lip  and  slit  or  windway,  through 
which  was  driven  air  impregnated  with  smoke,  as  is  frequently  done  to 
make  it  visible.  When  he  so  placed  the  lip  and  slit  that  the  stream  of 
air  passed  entireh/  outside  of  the  pipe,  no  sound  occurred ;  but  if  he  blew 
gently  upon  this  sheet  of  air,  at  right  angles,  the  pipe  sounded,  and  tlie 
tone  continued  until  he  blew  through  the  other  end  of  the  jiipe ;  neverthe- 

•  See  the  English  Mechanic  for  Jamuary  1867.  TJiis  periodical  also  contains  a 
practical  treatise  on  the  harmonium  by  Mr.  Hermann  Smith,  in  tliA  course  of  which 
his  conception  of  an  aero  plastic  reed  was  first  formulated.  His  recent  papers  on  the 
subject  in  Nature  are:  1)  '  On  Approach  caused  by  Velocity,  and  Keeulting  in  Vibia- 
tion,'  8  May,  1873,  vol.  8,  p.  26;  2)  *0n  some  Errors  of  Statement  concoming  Organ- 
pipes  in  recent  Treatises  on  Natural  Philosophy,'  16  May,  1873,  vol.  8.  p.  45;  3) 
•Harmonic  Causation  and  Harmonic  Echoes,*  11  S«^p.,  1873,  vol.  8.  p.  383  ;  4)  'On 
the  Variability  of  the  Node  in  Organ-pipes/  19  Feb.,  1874,  vol.  9.  p.  301  ;  6)  *0n 
the  Physical  Action  taking  place  at  the  Mouth  of  Organ-pipes,*  2  July,  1874,  vol.  10, 
p.  161 ;  6)  *  On  the  Process  of  Tone-making  in  Organ-pipes,'  16  October,  1874,  vol.  10 
p.  481 ;  7) '  On  the  Building  up  of  the  Tone  in  **  Gamba"  Organ-pipe,*  26  Feb.,  1875* 
vol.  11,  p.  326.  The  following  account  has  been  condensed  from  the  letters  in  Ik^ature 
aided  by  personal  explanations  from  Mr.  Hermann  Smith. 

*  Znr  Theorieder  Orgelpfeifen.  Poggendorff's  Annafen^  1874,  vol.  153,  pp.  301-305 
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less  under  tliese  circumstances  it  was  very  rare  indeed  to  find  that  any 
smoke  penetrated  into  the  pipe.  If  the  sheet  of  smoked  air  passed  entirely 
inside  of  the  pipe,  there  was  also  no  sound ;  but  then  on  blowing  through  the 
open  end,  so  as  to  force  some  of  it  out,  sound  was  produced,  and  it  was 
stopped  by  blowing  againbt  the  slit.  This  case  was  therefore  the  converse 
of  the  last.  He  concludes :  '  That  the  stream  of  air  which  issues  from 
the  slit  forms  a  species  of  air-reed  {LuJl'LamelU,  aerial  lamina),  and  that 
this  plays  in  the  generation  of  vibrations  in  the  mass  of  air,  a  part  ana- 
logous to  that  of  reeds  in  reed  pipes.*  He  states  that  the  vilmitioual 
nature  of  motion  of  the  air  between  the  slit  and  the  lip  can  be  shewn  by 
attaching  a  piece  of  silk-paper  to  the  edge  of  the  lip  or  the  split,  and  press- 
ing a  point  against  it.  He  further  proposes  a  theory  founded  on  Helm- 
holtz's  hydrodynamical  investigations  in  the  '  Berichte  der  Berliner  Aka- 
deinie,'  1868,  23  April,  Crelle  60,  and  states  it  to  this  effect:  When  the 
Hplit  is  in  the  normal  position  the  air- reed  strikes  the  lip,  a  portion  of  the 
stream  enters,  and  produces  a  compression  as  in  reed  pipes ;  the  reaction 
of  this  compressictn  affects  the  air-reed  and  bends  it  outwards ;  on  the 
pressure  ceasing  the  air-reed  returns  to  its  original  position  and  the  process 
bt*gins  afresh. 

Mr.  Hermann  Smith  slates  that  the  air  from  the  bellows  is  not  directed 
'  against  the  edge  of  the  lip,'  and  that,  if  it  is  so  directed,  the  pipe  does  not 
speak.  He  also  states  that  the  sharpness  of  the  lip  is  immaterial  to  mere 
speaking,  and  that  a  pipe  that  speaks  well  may  have  the  edge  of  its  lip  half 
an  inch  thick.  (Compare  p.  102  above,  where  the  wind  which  excites  the 
sound  in  the  bottle  is  blown  across  its  mouth,  and  the  edges  of  the  opening 
are  rounded,  not  sharp.)  The  statement  on  p.  139  a>>ove,  that  the  wave 
of  air  in  an  open  pipe  is  twice  as  long  as  the  tube,  is  well  known  to  bo  only 
approximative,  and  to  require  a  correction,  not  yet  determined  with  theo- 
retical precision,  dependent  on  the  other  dimensions  or  '  scale '  of  the  pipe. 
Mr.  Hermann  Smith  states  that  a  closed  pipe  does  not  give  a  note  which  is 
an  Octiive,  but  one  which  is  only  a  major  to  a  minor  Seventh,  below  the 
note  it  would  give  as  an  open  pipe. 

The  source  of  tone,  according  to  both  Mr.  Hermann  Smith  and  Hcrr 
Schneebeli,  is  the  formation  of  what  the  former  calls  an  'aero-plastic  reed,* 
and  ah-o  simply  an  *  air  reed,'  and  the  latter  a '  Lufl-Lamelle,'  which  is  )>ro- 
duced  outside  of  the  pipe,  and  bends  partly  within  it.  For  the  formation 
of  this  reed  both  agree  that  it  is  essential  for  the  exciting  air  to  pa.Hs  the 
lip,  certainly  not  to  enter  the  pi}^.  The  existence  of  the  reed  is  shewn  by 
Mr.  Hermann  Smith  by  interposing  a  thin  lamina,  a  shaving,  or  crisp  tissue 
paper,   which  is  ciiught  by  the  air  and  vibrates  as  a  reed*,  and  by  Herr 

'  Pres.-*  a  piece  of  crisp,  but  very  light,  thin  paper  firmly  agivinst  the  oatttide  of  the 
irindw.iy  by  moans  of  a  card  or  piece  of  wood.  Let  the  paper  project  upwards  lill  it 
nearly  covers  the  mouth,  but  is  quite  clear  of  both  lip  and  ears.  The  p^iper  then 
reseinMes  a  free  re«d.     On  now  blowing  in  the  usual  way  through  the  slit,  the  papor 
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Schneebeli  by  the  smuke  mixed  with  air  which  enables  the  expenmeDter 
to  aee  its  motion  directly,  and  also  by  a  piece  of  dlk-paper. 

Herr  Schneebeli  supposes  this  air-reed  to  act  by  producing  condensa- 
tion, but  Mr.  Hermann  Smith's  theory  of  its  origin  seems  to  be  ns  follows. 
The  air  driven  rapidly  and  closely  from  the  slit  past  the  mouth  of  the  pipe, 
in  a  flat  stream,  just  and  only  just  avoiding  the  edge  of  the  lip,  creates 
a  vacuum,  precisely  as  in  the  tubes  for  ether  spray  or  perfume  spray  in 
common  use,  or  in  ordinary  chimney  pots.  The  air  in  the  pipe  under  the 
action  of  the  atmospheric  pressure  at  the  upper  open  end  immediately 
descends  to  supply  this  vacuum,  and  by  so  doing  not  only  bends  the  flat 
exciting  stream  of  air  outwards,  but  also  of  course  produces  a  rare&c- 
tion  in  the  tube,  which  by  extending  from  the  mouth  upwards,  necessarily 
weakens  the  force  of  the  outward  rush  of  wind.  The  external  (not  the 
exciting)  air,  taking  advantage  of  this  relaxation  offeree,  enters  the  tube 
at  the  lip,  causing  a  condensation  in  the  lower  part  of  the  pipe,  and  the 
resulting  wave  of  a)ndensation  before  it  has  proceeded  half-way  meets  the 
former  wave  of  rarefaction,  which  continued  to  proceed  from  the  further 
end  of  the  tube,  and  thus  forms  a  node.  The  node  is  consequently  always 
nearer  the  mouth  than  the  end  of  the  pipe.  The  ratio  of  the  length  of 
the  segment  further  from  the  mouth  to  that  nearer  to  it  varies  from  4  !  3 
to  7  :  6  according  to  the  diameter  or  scale  of  the  pipe  and  the  strength  of 
wind.  In  the  meantime  the  exciting  stream  of  air  rights  itself,  passes  over 
the  vertical,  bends  inwards,  and  a  small  portion  of  it  enters  the  pipe  with 
the  external  air,  to  be  cast  out  again  by  the  refurning  wave  of  rarefaction, 
and  by  this  time  the  exciting  stream  of  air  has  been  converted  into  a 
vibrating  air- reed.  That  the  first  (but  momentary)  effect  of  the  upward 
rush  of  the  exciting  stream  of  air  is  to  abstract  air  from  the  pipe  Mr. 
Hermann  Smith  considers  to  be  demonstrated  by  inserting  on  the  '  languid,' 
just  within  the  mouth,  some  filaments  of  cotton,  fluff,  or  down,  which,  in 
larger  pipes,  are  shot  out  with  energy.  He  supposes  the  air-reed  afterwards 
to  abstract  and  admit  air  in  constant  Huccesdion,  thus  producing  the  necessary 
stimulus  for  the  soimd  heard,  which  would  on  tliis  theory  depend,  among 
other  conditions,  upon  the  force  of  blast,  its  inclination  to  the  mouth,  the 
size  and  form  of  the  mouth  and  ears,  the  interposition  of  obstructions  be- 
tween the  reed  and  outer  air  (as  the  shading  bar  of  the  Gamba),  the  capacity 
and  length  of  the  pipe,  and  whether  a  node  has  to  be  formed  in  the  pipe 
in  the  mode  explained  for  open  pipes,  or  in  tlie  mode  used  for  stop|)ed 
pipes,  which  are  acknowledged  to  speak  more  readily  than  the  former. 
The  external  air  of  course  passes  continually,  but  intermittently,  through 
the  mouth  of  the  pipe. 

The  law  of  vibration  of  the  air-reed  as  stated  by  Mr.  Hermann  Smith, 
but  unobserved  and  probably  unobtained  by  Ilerr  Schneebeli,  is:   *As  its 

will  commence  its  vibrations,  which  Mr.  Hermann  Smitli  considers  to  correspond  to 
those  of  his  air-reed.    The  effect  is  easily  observed. 
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arcs  of  vibraium  are  less,  Us  spend  is  grtaleir^  or  *  the  times  (of  vibraiian) 
vart/  with  the  amplitude,^  being  difierent  from  the  usual  law  of  a  vibrating 
reed  in  which  the  time  is  independent  of  the  amplitude  of  vibration.  If 
by  extraneous  influence  the  pitch  of  the  pipe  is  flattened,  as  by  partly 
shading  the  mouth  from  the  external  air,  Mr.  Hermann  Smith  states  that 
the  path  of  the  air-reed  is  lengthened,  and  conversely.  When  an  organ 
})ipe  speaks  the  tones  of  the  air-reed  and  pipe  are  distinct  and  may  be 
separated  or  combined ;  and  when  a  pipe  is  said  '  to  fly  o£E  to  its  Octave,* 
he  siiys  that  the  air-reed  leaps  back  to  its  Octave  speed,  compelling  the  pipe 
to  follow,  and  that  this  can  be  made  visible.  The  natural  pitch  of  the  air- 
reed  is  also,  as  he  states,  far  higher  than  the  pitch  of  the  tones  of  the  pipe. 
The  preci.se  theory  of  the  action  of  this  air-reed  does  not  appear  to 
have  been  formulated.  Difficulties  will  occur  to  the  mind  of  every  investi- 
gator, but  the  above  views  due  to  Mr.  Hermann  Smith's  practical  experi- 
ence suggest  numerous  points  for  experimental  investigation  which  may 
Icjid  to  most  valuable  results,  and  it  is  desirable  that  he  should  himself  put 
them  together  in  a  connected  scientific  form  for  convenient  reference. 

Art.  7.  On  the  Use  of  Striking  and  Free  Reeds, 

m 

As  respects  reeds  used  in  organs,  which  on  p.  144  are  stated  to  be  at 
present  *  free '  and  not  *  striking '  reeds,  it  should  be  observed  that 
fig.  29,  B,  p.  145,  really  represents  a  striking  reed,  and  even  in  fig.  29,  A, 
although  tlie  reed  is  drawn  as  free,  the  form  of  the  tuning  wire  is  one 
only  adapted  to  striking  reeds ;  for  that  of  a  free  reed  see  J.  G.  Toepfer's 

*  Orgelbaukunst '  (1855),  figs.  135-40.  On  this  point  I  have  consulted 
some  of  our  principjil  organ-builders,  who  have  obligingly  sent  me  the 
following  information.  Mr.  Willis  tells  me  that  he  never  uses  free  reeds, 
that  no  i>owcr  c;in  be  got  from  them,  and  that  he  looks  upon  them  as 

*  artificial  toys.'  Messrs.  J.  W.  Walker  &  Sons  say  that  they  have  also 
neviT  used  free  reeds  for  the  forty  or  more  years  that  they  have  been  in 
business,  and  consider  that  free  reeds  have  been  superseded  by  striking 
rveds.  Mr.  Thomas  Hill  informs  me  that  free  reeds  had  been  tried  by 
his  father,  by  M.  Cavaill<^  Coll  of  Paris,  and  others,  in  every  imaginable 
way,  (or  the  last  thirty  or  forty  years,  and  were  abandoned  as  *  utterly 
worthless,*  But  he  mentions  that  Schulze  (of  Paulenzelle,  Schwartzburg) 
told  him  that  he  never  saw  a  striking  reed  till  he  came  over  to  England 
in  1851,  and  that  Walcker  (of  Ludwigsburg,  Wuertemberg)  had  little  ex- 
perience of  them,  as  Mr.  Hill  learned  from  him  about  twenty  years  ago. 
It  was  probably  this  old  j)ractice  of  Schulze  and  Walcker  which  led 
Prof,  llelmholiz  to  suppose  that  striking  reeds  were  no  longer  in  use. 
Mr.  Hill  adds,  however,  that  both  these  builders  speedily  abandoned  the 
free  reed,  afler  seeing  the  English  practice  of  voicing  striking  reeds.  This 
is  corroborated  by  what  Mr.  Hermann  Smith  tells  me,  namely  that  Schulze, 
in  1802,  built  tlie  great  organ  at  Doncaster  with  94  stops,  of  which  only 
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the  Trombone  and  its  Octave  had  free  reeds  (see  Hopkins  on  the  Organ, 
p.  117,  for  an  account  of  this  organ) ;  and  that  two  years  ago  he  built 
an  organ  of  64^  stops  and  4,052  pipes  for  Sheffield,  with  not  one  free  reed ; 
also  that  Walcker  built  the  great  organ  for  Ulm  cathedral,  with  6,500  pipes 
and  100  stops,  of  which  34  had  reeds,  and  out  of  them  only  2  had  free 
reeds ;  and  that  more  recently  he  built  as  large  a  one  for  Boston  Music 
Hall,  without  more  free  reeds ;  and  again  that  Cayaill^  Coll  quite  recently 
built  an  organ  for  Mr.  Hopwood  of  Kensington  of  2,252  pipes  and  40 
stop,  of  which  only  one — the  Musette — had  free  reeds.  He  also  says  that 
Lewis,  and  probably  most  of  the  London  organ-builders  not  previously 
mentioned,  have  never  used  the  free  reed. 

The  harshness  of  the  striking  reed  is  obviated  in  the  English  method 
of  voicing^  as  explained  to  me  by  Mr.  Hermann  Smith,  by  so  curving  and 
manipulating  the  metal  tongue,  that  instead  of  coming  with  a  discontinuoas 
'flap '  from  the  fixed  extremity  down  on  to  the  slit  of  the  tube,  it  *  rolls  itself* 
down,  and  hence  gradually  covers  the  aperture.  The  art  of  curving  the 
tongue  so  as  to  produce  this  effect  is  very  difficult  to  acquire ;  it  is  entirely 
empirical,  and  depends  upon  the  keen  eye  and  fine  touch  of  the  '  artist,'  who 
notes  lines  and  curves  imperceptible  to  the  uninitiated  observer,  and  fore- 
sees their  influence  on  the  production  of  quality  of  tone.  Consequently,  when 
an  organ-builder  has  the  misfortune  to  lose  his  *  reed-voicer,'  he  has  always 
great  difficulty  in  replacing  him.  The  quality  of  tone  produced  by  the 
free  reed  can  be  greatly  modified  by  comparatively  slight  changes.  If  the 
reed  is  quite  flat,  the  end  not  turning  up,  as  it  does  in  ^q.  28,  p.  144,  no 
tone  can  be  produced.  If  the  size  t)f  the  slit  round  the  edges  be  enlarged, 
by  forcing  a  thin  plate  of  steel  between  the  spring  and  the  flange, 
and  then  withdrawing  it,  the  quality  of  tone  is  permanently  changed. 
Another  change  is  produced  by  curving  the  middle  part  up  and  then 
down  in  a  curve  of  contrary  flexure.  Another  change  results  from  curving 
the  ends  of  the  reed  up  as  in  *  American  organs  * — a  species  of  harmonium. 

One  of  the  earliest  free  reed  iiistru.aents  is  the  Chinese  *  shang,'  one  of 
which  Mr.  Hermann  Smith  shewed  me,  and,  having  taken  it  to  pieces,  ex- 
amined its  construction,  and  measured  its  pipes,  he  has  kindly  furnished  the 
following  description :  *  The  body  of  the  instrument  is  in  the  form  and 
size  of  a  teacup  with  a  tightly  fitting  cover,  pierced  with  a  series  of  holes, 
arranged  in  a  circle,  to  receive  a  set  of  small  pipe-like  cincs,  17  in 
number,  and  of  various  lengths,  of  which  1 3  are  capable  of  sounding  and 
4  are  mute,  but  necessary  for  structure.  The  lower  end  of  each  pipe  is 
fitted  with  a  little  free  reed  of  very  delicate  workmanship,  about  half  m 
inch  long,  and  stjin»i)ed  in  a  thin  metal  plate,  having  its  tip  slightly  loaded 
with  beeswax,  which  is  also  used  for  keeping  the  reed  in  position.  One 
peculiarity  to  be  noticed  is  that  the  reed  is  (juite  level  with  the  face  of  the 
plate,  a  condition  in  which  modern,  free  reeds  would  not  speak.  But  thi.'t 
singular  provision  is  made  to  ensure  speaking  either  by  blowing  or  suction. 
The  corners  of  the  reeds  are  rounded  off*,  and  thus  a  little  sjiace  is  lefl 
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between  the  tip  of  the  reed  and  the  frame  for  the  passage  of  air,  an  arrange 
ment  quite  adverse  to  the  speaking  of  harmonium  reeds.  In  each  pipe 
the  integrity  of  the  colunm  of  air  is  broken  by  a  hole  in  the  side,  a  short 
di^tance  above  the  cup.  By  this  strange  contrivance  not  a  single  pipe  will 
sound  to  the  wind  blown  into  the  cup  from  a  flexible  tube,  until  its  side 
hole  haA  been  covered  by  the  finger  of  the  player,  and  then  the  pipe  gives 
a  note  corresponding  to  its  full  speaking  length.  Whatever  be  the  speaking 
length  of  the  pipe  the  hole  is  placed  at  a  short  distance  above  the  cup.  Its 
position  has  no  relation  to  nodal  distance,  and  it  effects  its  purpose  by 
breaking  up  the  air  column  and  preventing  it  from  furnishing  a  proper 
reciprocating  relation  to  the  pitch  of  the  reed.*  * 

»  The  instrumoDt  described  in  tlio  text  is  the '  sing  *  of  Barrow  (*  Travels  in  Cliina/ 
1804,  where  it  is  well  figarod  as  'a  pipe,  with  unequal  reeds  or  bamboos'),  and  'le 
pi>tit  cheng*  of  P^re  Amiot  ('M^moires  concemant  rhistoire  .  . .  dee  Ghinois'  .  .  ., 
1780,  vol.  6,  where  a  *c]ieng'  of  24  pipes  is  figured,  and  two  kinds  with  19  pipes  de- 
scribed, and  the  reed  is  shewn  in  position  as  free,  but  not  of  the  correct  shape).  Amiot 
describes  the  12  /u  or  degrees  of  later  Chinese  music,  (according  to  the  Chinese  rules  of 
B.C.  2637  on  his  p.  215,)  to  conhist  of  a  succession  of  Fourths  (or  Fifths)  reduced  to 
the  »ime  Octave,  which  he  nwkes  /to  /,  thus :  fd g  df  fa  \e  \b  Xft  fCg  f^  fcfj 
tfaj  .  Arranged  in  order  of  pitch  with  the  Octave  of  the  first,  thus:  fXft  $  tvl  fa 
ffat  fh  &  fc't  df  \d't  \t/  J\  these  form  a  series  of  12  Semitones,  6  of  them  generatetl 
by  7  just  Fifths  up  (as/  to  f /^  ),  and  7  b}'  6  just  Fifths  down  as  (t/)j  t  o  ^,  or  \b  to  c') ; 
compare  p.  646,  commntic  series,  Nos.  6  and  7.  These  are  tlie  12  Semitones  mentioned 
on  p.  398, 1. 6,  which  did  not  become  equal  Semitones  till  Tsai-yu's  time,  a.d.  1573.  Then 
Amiot  says  that  the  1 3  pipes  of  his  'little  cheng*  contain  these  12  /«,  and  the  Octave  of 
the  first,  as  above,  arranged  in  tlie  onler :  /fa  fc'J  /  fcTj  \h  g  fg%  d  \(f  d'  ffaJJ  ffy  . 
But  the  measurements  of  the  speaking  lengths  of  the  pipes  on  Mr.  Hermann  Smitirs 
own  '  shiing  *  seem  to  shew  that  they  give  only  8  tones,  formed  from  perfect  Fifths  (the 
first  8  of  Amiot,  when  reduced  to  his  Octave)  with  the  Octaves  of  four  of  them  and  a 
unison  repetition  of  one,  for  convenience  of  playing,  so  that  the  comptiss  is  :  iA^B  c 
d\ef\ft  g  \a^h  &  d\  where  \e  is  the  repeatetl  note.  (The  actual  pitch  assigned  by 
Mr.  Hermann  Smith  is  about  two  Octaves  higher  than  this.)  These  notes  may  be 
compared  with  the  later  Greek  sciile  on  p.  414,  having,  like  that,  a  conjunct  tetra- 
chord,  and  modulating  from  Greek  Folic,  7.  fA.  6,  into  Greek  Phrygian  or  7.  fA.  4 
both  of  Table  III.,  B.  The  13  pipes  are  urmnged  tlius  on  this  instrument,  where  the 
0  marks  the  position  of  a  mute  pipe :  ^Qg  d  d!  \b  (f  d  \a  \e  \B  \Acftf  \ft  0.  Bar- 
row {ih.  p.  314)  says  of  this  instrument,  Hhe  tones  are  far  from  being  disagreeable 
but  its  construction  is  so  wild  and  irregular,  that  it  does  not  appear  to  be  reducible  to 
any  kind  of  scale.'  As  the  scale  just  determined  is  truly  Greek,  it  is  probable  that 
ancient  Greek  music  might  produce  the  same  efifect  on  modern  P^uropean  ears.  The 
compliment  is  returned,  for  Barrow  says,  'they  (the  Chinese)  afll-cted  to  dislike  the 
Embassador's  l>and,  which  they  pretended  to  say  produced  no  niu(»ic,  but  a  confusion  ol 
noises.'  Compare  the  last  quotation  from  Aristotle,  suprA  p.  362,  note  1,  and  Barrow's 
statement,  agreeing  with  Aniiot's:  *a  Chinese  bind  generally  plays  or  endeavours  tc 
play  in  unison,  and  sometimes  an  in»trum«-nt  t^ikes  the  Octavo  ;  but  th#»y  never  attempt 
to  play  in  separate  parts,  confining  their  art  to  melody  only  ,  .  .  they  have  not  the  legist 
notion  of  counterpoint,  or  playing  in  pirts,'  p.  316.  Mr.  Hermann  Smith  says  there 
is  a  •  Siamese  Mouth  Organ,'  on  the  sanje  principle,  with  free  reeds  speaking  when  the 
side-holes  are  closed,  and  with  a  speaking  length  determined  by  a  back  'slot,' and 
hence  less  than  the  real  length.    The  Ja|>ane8e  have  also  a  similar  instrument. 
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Art.  8.   The  String  Organ, 

Mr.  John  Farmer,  music  master  and  organist  of  Harrow  Scliool,  ejc- 
perimented  for  several  years  on  the  excitement  of  strings  by  a  blast  of  air 
for  the  purpose  of  obtaining  tones  fit  for  practical  instruments.  Startinp: 
from  the  Eolian  harp,  he  passed  over  stages  already  tried  by  others,  such 
as  inclosing  the  string  in  flanges  of  its  whole  length,  limiting  the  flanges 
and  the  air- slit  to  a  portion  of  the  length,  and  flattening  the  portion  of  Uie 
string  over  the  air-slit,  to  improve  the  *  bite '  of  the  air  upon  it.  Finally 
he  hit  n|X)n  the  new  conception  of  attaching  one  end  of  his  string  to  the 
free  end  of  an  harmonium  reed  made  to  vibrate  outwards,  and  allowing 
the  wind  to  act  on  the  reed  alone.  By  this  means  he  obtained  several 
notes  of  good  quality  of  tone,  determined  by  stopping  his  single  string  as 
on  a  violin.  Though  the  range  of  pitch  was  necessarily  limited  he  played 
fum])le  airs  with  so  much  effect  that  a  great  desire  was  created  for  a  com- 
|>let43  musical  instrument  with  similar  qualities  of  tone.  His  experiments 
attracted  the  attention  of  Mr.  J.  Baillie  Hamilton,  then  a  boy  at  Harrow 
School,  who,  after  entering  University  College,  Oxford,  endeavoured  to 
ciirry  them  out  to  a  successful  issue.  Afler  many  fruitless  attempts  made, 
at  least  partly,  in  conjunction  with  Mr.  Farmer,  he  finally  decided  on 
modifying  the  relations  of  reed  and  string,  and  has  since  pursued  his  ex- 
|)eriments  with  so  much  enthusiasm,  perseverance,  and  success  that  the 
single  string  and  reed  excited  by  wind  and  playing  very  simple  melodies, 
has  expanded  to  the  dimensions  of  a  complete  string  organ  with  numerous 

StO})S. 

Ne:ir  the  extremity  of  a  free  reed  there  is  attached  a  small  rod  or 
pin,   which   is   in   turn   fastened   to  a  point  near  the  middle  of  a  steel 
pianoforte  wire  properly  stretched  above  it  in  the  same  linear  direction, 
and  the  reed  is  then  excited  by  an  harmonium  bellows.     The  reed  and 
string  are  therefore  no   mere  continuations  one  of  the  other,  but  are  in 
some  sort  independent  instruments,  which  inodify  each   other's  motions 
through  the  agency  of  the  connecting-rod.     The  whole  is  a  combination  of 
two  distinct  sets  of  vibrations,  following  different  laws,  so  that  the  pitch  of 
the  combination  is  different  from  that  of  either  reed  or  string  separately. 
When  the  reed  is  excited,  the  string  is  easily  seen  to  vibrato  sometimes  as 
a  whole,  and  at  others  to  divide  itself  into  segments,  depending  on  tlie 
various  relations  of  tension,  weight,  and  length  of  string,  and  so  on.     The 
middle  or  reed  segment  is  generally  shorter  than  the  others.     The  tone 
produced  is  sustained  and  fine,  without  any  tinkling  or  jarring  of  high 
pjirtial  or  inhaimonic  secondary  tones.     It  cm,  indeed,  l>e  made  closely  to 
resemble  that  of  a  metal  diapason  organ   pipe.     This  experiment,  wlucli 
has  been  repeated  in  extremely  diversified  forn.s  and  combinations,  shews 
that  a  quality  of  tone  rivalling  that  of  an  organ  can  be  produced  from  a 
simple  string,  set   in  motion  by  a  reed  which  is  excited   by  wind.     It 
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therefore  shews  the  possibility  of  constructiug  a  string  organ^  that  is  an 
instrument  possessing  fine  sustained  tones  like  a  pipe  organ,  but  with  all 
the  advantages  of  the  delicate  action  of  strings,  and  of  a  common  sound- 
ing board.  ^ 

Several  practical  questions  of  much  importance  have,  however,  required 
solution  before  this  great  result  could  be  accomplished.  They  bear  upon 
the  relations  of  the  pitch  of  the  reed  and  string,  when  unconnected,  to  the 
])itch  of  the  combination,  the  alteration  of  the  quality  of  both  tones  by  the 
interaction  of  the  two  vibrating  bodies,  of  which  the  reed  alone  is  imme- 
diately affected  by  the  air ;  and  the  effect  of  altering  the  length  or  tension 
of  the  string,  either  by  the  tuning-key  or  the  action  of  temperature  and 
prolonged  vibration.  The  following  points  have  received  special  attention  : 
the  shape  and  loiiding  of  the  reed,  the  point  where  the  connecting  rod 
should  be  attached,  and  its  distance  from  its  connection  with  the  string, 
the  formation  of  the  string  (for  which  a  beautiful  hollow  coil  has  been  used 
at  times  with  the  view  of  giving  increased  weight  to  a  string  of  compara- 
tively short  length,  and  of  counteracting  the  effects  of  an  alteration  of  tension 
by  temperature),  the  degree  of  tension  of  the  string,  the  reinforcement  of 
the  reed  tone  by  a  resonance  chamber,  the  reinforcement  of  the  string  tone 
by  a  sounding-board,  the  relations  between  weight  and  tension  of  string 
and  elastic  power  of  the  tongue  of  the  reed,  the  conditions  of  rapid  speech 
and  of  persistent  pitch,  the  conditions  of  determinate  quality  of  tone,  w^ith 
many  others,  which  the  extreme  complexity  of  the  mechanical  problem 
renders  it  necessary  to  attack  empirically.  A  few  results  of  interest  in 
relation  to  the  present  work  can  alone  be  mentioned. 

Generally  it  is  not  possible  to  produce  by  the  combination  of  reed 
and  string,  any  tone  which  shall  be  more  than  an  Octave,  or  at  most  a 
Tenth  above  the  pitch  of  the  unconnected  reed.  On  increasing  the  length 
of  the  string  so  as  to  give,  when  it  is  unconnected  and  plucked,  a  pitch 
deeper  than  that  which  the  reed  can  sharpen,  the  reed  breaks  the  string  up 
into  segments,  and  the  })itch  of  the  combination  rises  and  becomes  that 
which  would  be  produced  by  an  imconnected  string  of  the  same  weight 
and  tension,  and  having  the  same  length  as  one  of  the  vibrating  segments 
which  is  not  attached  to  the  reed — the  segment  attached  to  the  reed  itself,  as 
before  observed,  is  shorter.  In  this  case,  then,  the  string  may  be  '  bridged ' 
at  one  of  the  nodes  between  the  segments  without  altering  the  pitch,  so 
that  (except  for  other  practical  purposes  bearing  on  the  stiffness  of  short 

'  Mr.  Hamilton's  feeling  of  the  relative  advantages  of  string  and  pipe  instruments 
is  thus  expressed :  string  instruments  possfss,  '  I)  a  simple  mode  of  n^inforcement,  2) 
rconomy  of  space  to  pro*  luce  a  given  note,  3)  blending  oC  harmonies  upon  a  common 
sound-board,  4)  sympathy;'  and  pipe  instruments  have,  *  I)  special  reinforcement  by  a 
column  of  air,  2)  volume  of  tone,  3)  a  special  quality,  *)  susUined  tone;'  and  experi- 
ment seems  really  to  shew  that  the  latter  advantigos  can  be  combined  with  the  former. 
Choir,  No.  421,  16  January,  1875,  vol.  10,  p.  36. 
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strings),  a  string  of  the  length  of  that  short  segment  to  which  the  reed  is 
attached,  would  suffice  to  produce  the  pitch.     But  up  to  the  point  where 
the  string  breaks  into  segments,  it  is  possible,  by  increasing  the  length  of 
the  string,  to  make  the  pitch  of  the  combination  lower  than  that  of  the 
reed,  but  higher  than  that  of  the  string,  by  about  a  Fifth  below  the  pitch 
of  the  reed.     The  point  of  least  hesitation  in  speech  is  near  to  that  where 
the  string  breaks  up  into  segments.     Suppose  the  pitch  of  the  unconnected 
reed  to  be  r/9 ,  and  that  of  the  unconnected  string  to  be  6^,  the  pitch  of 
the  combination  will  be  about  A.     But  by  shortening  the  string  without 
touching  the  reed  (as  by  chiding  the  bridge),  this  combination>pitch  can 
be  heightened  easily  to  f^  and  with  difficulty  to  cTl ,  or  by  constraint  to 
ft .     It  is  easy  to  raise  the  pitch   until   the  bridge  comes  too  near  the 
connecting-rod  of  the  reed.     Tliese  results  differ  considerably  according 
as  the  wind  acts  by  pressure  or  suction,  but  under  both  conditions  the  reed 
may  be  so  constrained  that  its  tongue  cannot  descend  to  ch  se  the  aperture 
l»etween  the  flanges.     The  tongue  ihcn  becomes  merely  a  vibrating  spring 
set  in  action  by  the  wind,  but  not  functioning  as  a  free  reed,  and  the 
pitch  of  the  combination  can  be  raised  to  a  height  limited  only  by  the 
)ossibility  of  increasing  the  force  of  wind. 

The  effect  of  great  tension  with  a  light  string  is  shewn  by  connecting 
a  large  reed  in  the  32-feet  series  with  a  fine  string  about  a  foot  lonp:,  pro- 
ducing, when  unconnected,  a  tone  many  Octaves  higher  than  the  uncon- 
nected reed.  The  result  of  the  combination  is  a  deep  note  of  the  IC-feet 
K^rics,  which  speaks  without  hesitation.  An  alteration  in  the  tension 
of  the  string  alters  the  quality  but  not  the  pitch  of  the  combination. 
The  reed  seems,  therefore,  to  have  under  such  circumstances  so  much 
control  over  the  string  that  a  slight  change  in  the  latter  is  of  little  con- 
sequence. 

By  alterations,  then,  in  the  weight  and  tension  of  the  string,  even 
without  changes  in  the  reed,  great  alterations  of  quality  can  be  produced, 
and  Mr.  Baillic  Hamilton  already  anticipates  securing  sufficient  variety  of 
quality  of  tone  to  furnish  more  than  20  stops  on  his  proposed  string 
organ.  The  complete  instrument  has,  indeed,  yet  to  be  constructed,  but  it 
is  advancing  rapidly.  Each  harp  of  strings  forming  a  *  stop,'  is  arrangefi 
in  a  vertical  rectangular  frame,  bearing  the  reeds  and  wind  chest  below 
with  the  terminal  fixed  bridge  beyond  the  reed  attachment,  and  by  a  very 
simple  arrangement  these  frames  can  be  moved  on  a  hinge  out  of  the 
general  ciise  to  facilitate  tuning.  Each  stop,  therefore,  with  the  space 
between  it  and  the  next,  need  not  occupy  more  than  six  inches  in  depth, 
adding  greatly  to  the  compactness  of  the  instrument.  The  strings  are 
stretched  over  a  beautiful  resonance  box,  on  the  principle  of  the  bjiss  viol, 
but  of  a  rect^mgular  shape,  with  orifices  corresponding  to  the  /"holes  of 
the  viol,  and  extremely  sonorous.  The  movable  bridge  which  communi- 
cates the  vibrations  of  the  string  to  the  resonance  box,  is  placed  on  the 
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front  of  this  sounding  box.  The  air  is  led  to  the  windchcst  by  pro{>er 
ducts,  and  the  action  of  the  trackers  is  direct  and  altogether  much  simpler 
than  for  the  pipe  organ.  The  force  of  wind  can  be  varied  without  alter- 
ing the  pitch,  a  result  which  makes  this  instrument  differ  essentially  from 
the  ordinary  oi^an. 

The  above  description  was  drawn  up  afler  paying  several  visits  to 
Lord  Lindsay's  laboratory,  where  the  instrument  is  in  process  of  conKtruc- 
tion  and  where  Mr.  Baillie  Hamilton  and  his  coadjutors  obligingly  ex- 
plained all  the  details  mentioned  above,  letting  me  hear  the  effects  prr>duced, 
and  correcting  my  firnt  appreciations  when  at  fault.  Although  the  incom- 
plete sUite  of  the  instrument  prevented  me  from  hearing  passages  played  in 
harmony  and  melody,  I  have  no  reason  to  doubt  that  they  will  produce  an 
excellent  effect.  Should  the  remaining  difficulties  be  satisfactorily  over- 
come, as  there  is  good  reason  to  hope,  the  string  organ  will  be  well  quali- 
fied by  its  splendid  tones  to  take  a  very  high  position  among  musical 
instruments. 

As  is  manifest  from  the  preceding  notes,  the  mechanical  problem  to  be 
solved  is  one  of  great  complexity,  and  it  cannot  be  reduced  to  calculation 
without  many  simplifications,  which  make  it  amoimt  to  a  mere  approxima- 
tion. These  evidently  are  of  two  kinds,  according  as  we  consider  the 
string  to  be  modi  tied  by  the  reed,  or  tlie  reed  by  the  string,  the  modifica- 
tion being  in  both  cases  an  elastic  constraint.  But  the  first  process  is 
liable  to  overlook  the  effect  of  a  more  or  less  intermittent  stream  of  air, 
and  the  second  to  omit  the  separate  acoustic  effect  of  a  vibrating  string. 
Both,  in  short,  are  liable  to  pass  over  the  fact  that  two  musical  tones  are 
produced  by  two  musical  instruments,  which  modify  each  oUier  by  inter- 
action, one  of  these  instruments  being  set  in  motion  by  the  other.  The 
reality  of  this  view  is  clearly  shewn  by  an  arrangement  very  recently 
adopted.  The  string  is  stretched  over  the  sound  board,  and  of  the  rest  of 
the  apparatus  only  the  point  of  the  connecting-rod  is  visible,  inclosed  in  a 
small  air-tight  leathern  purse,  so  that  no  wind  can  escape  on  the  same  side 
as  the  string.  The  outlet  for  the  wind  is  by  a  tube  and  pallet  at  the 
back,  through  which  the  tone  of  the  reed  issues.  By  placing  the  ear  fir^t 
near  the  front  of  the  sounding  board,  and  then  near  the  reed  behind  it, 
the  two  musical  tones  can  be  heard  distinctly  separate. 

In  the  mathematical  investigation  made  by  Mr.  Bosanquet,  and  con- 
tained in  the  » PhUosophical  Magazine,'  No.  323,  Feb.  1875,  vol.  49, 
pp.  98-104,  he  regards  the  instrument  'as  a  string  loaded  at  the  point  of 
attachment  to  the  reed,  subject  also  at  the  same  point  to  a  force  tending  to 
the  position  of  rest,  and  varying  directly  as  the  displacement  of  the  point 
from  that  position  ;  tliis  force  represents  the  elasticity  of  the  reed.'  The 
method  he  employs  is  substantially  that  in  Donkin's  '  Acoustics,'  p.  139, 
duly  modified.     The  final  ei|uation  at  which  he  arrives  ii 
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2;r(A»-X»)X. .  sin  ?1^  .  sin  ?^^r3  ^  A«X  .  sin  ?^', 

A  A  A 

where  A  is  the  wave  length  on  the  string  of  the  note  of  the  reed  alone,  X 
the  complete  wave  length  on  the  string  of  the  vibration  absolutely  sounded 
(both  A  and  X  are  double  the  lengths  of  the  single  segments) ;  Xo  is  the 
length  of  the  string,  having  a  weight  equal  to  the  load  ;  &  is  the  distance 
of  point  of  attachment  from  one  end ;  /  the  length  of  the  string.  Tlie 
determination  of  some  of  these  data  involve  extreme  difficulty,  nor  does 
there  seem  to  be  a  means  of  finding  Xq  at  all. 

The  following  particular  case,  which  Mr.  Bosanquet  was  able  to  con- 
trast with  an  actual  experiment,  will  serve  to  shew  the  meaning  of  the  last 
equation. 

6uppo.se  the  point  of  attachment  of  the  reed  to  the  string,  to  be  at  the 
middle  of  the  string,  so  that  2b  :=  2(1— b)  :=  /,  in  which  case  putting 
L  =  /  -T-  X,  the  above  equation  becomes 

ir(A»-X»)\,  .  tan  tL  =  XA« 

which  gives  an  infinite  number  of  values  of  X  when  A  and  X^,  are  assigned. 
The  ratio  L  gives  the  pitch  of  the  note  sounded  with  reference  to  the 
Octave  of  the  string. 

Mr.  Bosanquet  assumes  A  =  /  (or  the  reed  to  give  the  Octave  of  the 
string)  and  4irXo  =  1,  as  a  pair  of  values  which  might  easily  occur,  and 
are  convenient  for  calculation,  and  thus  puts  the  last  equation  in  the  form — 


tan  ttL  = 


4L 


L«-r 


The  first  five  roots  of  this  equation  are  given  in  the  following  table, 
column  L,  *  proceeding  further,  we  should  find  a  root  lying  between  every 
consecutive  pair  of  integers.'  Column  P  gives  the  corresponding  pitch  of 
the  note  referred  to  ^l  in  equal  Semitones,  and  column  Q,  the  same  re- 
ferred to  the  lowest  note  of  the  combination  also  in  equal  Semitones. 
Column*  R  gives  the  calculated  ratio  of  the  length  of  the  middle  to  any 
other  segment,  for  the  number  of  segments  in  column  S. 


L 

P 

Q 

R 

s 

0-5868 

-9-230 

1-1736 

1*441 

+  6-326 

15-656 

•882 

3 

2-357 

16132 

25-362 

•714 

5 

3-?96 

20-646 

29876 

•690 

7 

425 

25052 

34-282 

•50 

i 

9 

On  reducing  P  and  Q  to  the  same  Octave  by  deducting  multiples  of  12 
and  comparing  with  Table  IF.  and  Table  VL,  B,  the  precise  iKisition  of 
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the  tone  in  the  scale  is  readily  estimated.  The  central  segment  is  seen  to 
diminish  as  the  number  of  segments  increases.  The  following  observa- 
tions, made  by  Mr.  Bosanquet  in  Mr.  Baillie  Hamilton's  laboratory, 
confirm  these  results  generally.  The  pitch  of  the  tone  due  to  the  formation 
of  any  number  of  segments  was  observed  roughly  by  an  harmonium  in 
the  room. 


First  Experdient 

SI300ND  Experiment 

No.  of 
Sc^ucnts 

Equal  Note 
observed 

No.  of  eqiml 

Semitonefl  in 

the  intcrvnlii 

obeerved 

No.  of 
Segments 

Eqnal  Note 
observed 

No.  of  oqnal 

Semitones  in 

t^e  intervals 

observed 

1 
3 
5 

7 

A 
h 

a'b 
f  between  \ 

0 
14 
23 

29-5 

I 
3 
6 

G 

b- 

a'b 

0 
16 
25 

These  are  seen  to  follow  the  general  course  of  the  secondary  tones  in 
column  Q  of  the  last  table. 

*  The  note  employed,'  says  Mr.  Bosanquet,  *  may  be  either  the  fun- 
damental [primary]  or  any  one  of  the  overtones  [secondary].  As  these 
are  all  inharmoniou.s  to  each  otlier,  only  one  can  be  used  at  a  time.  But 
it  is  probable  that,  in  particular  ca.ses,  some  two  or  more  may  become 
harmonious ;  and  they  would  then  be  capable  of  combining  in  a  true 
periodic  motion.' 

Lord  Rayleigh,  observing  on  this  treatment  of  the  subject  (*  Nature,' 
18  Feb.,  1875,  vol.  11,  p.  309),  believes  that  *the  instrument  ought  to  be 
re^^rded  rather  as  a  mo<lified  reed  instniment  than  a  modified  string 
instrument.  .  .  .  The  string  and  reed  together  form  a  system  capable  of 
vibrating  in  a  nural)er  theoretically  infinite,  of  independent  fundamental 
motles  (in  the  mechanical ,  not  the  musical  sense)  whose  periods  are  calcu- 
Lite<l  by  Mr.  Bosar-quet.  The  corresponding  series  of  tones  could  only  by 
accident  belong  to  an  harmonic  scale,  and  certainly  cannot  coexist  in  the 
normal  working  of  Mr.  Hamilton's  instrument,  one  of  whose  characteristics 
is  great  sweetness  and  smoothness  of  sound.  .  .  .  One  effect  of  the  string, 
therefore,  and  probably  an  important  one,  is  to  intensify  the  gravest  tone 
[prime]  of  the  compound  note  given  by  the  intermittent  stream  of  air  [in 
the  reed].'  And  be  mentions  that  he  has  noticed  *  on  one  or  two  occasions 
an  immediate  falling  off  in  the  sound  when  the  w^ind  was  cut  off,  although 
the  string  and  reed  remained  in  vibration  for  a  second  or  two  longer.  A 
resonator  tuned  to  one  of  the  principal  overtones  [upper  partials]  was  with- 
out effect  when  held  to  the  string,  but  produced  a  veiy  marked  alteration 
in  the  character  of  the  soimd  when  held  to  the  reed.'  Lord  Rayleigh  finally 
gives  it  as  his  opinion  that  the  *  ofilice  of  the  string  [is]  mainly  to  convey  the 
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vibration  of  tlie  reed  itself  (as  distinguished  from   the  wind)  [that  is  to 
convey  the  vibration  of  the  tongue  of  the  reed  J  to  the  resonance- board,  and 
secondly,  to  limit  the  excursions  of  the  tongue  to  the  reed.     Lord  Baj- 
leigh    therefore   recognises   the  vibration     of  the  tongue   of   the  revA, 
independently  of  the  sound  produced  by  the  puffs  of  air  allowed  to  pass 
through  the  mortice  hole,  and  supposes  the  string  to  canvey  that  vibra- 
tion to  the  sound  board,  and,  of  course,  to  limit  its  amplitude.      The 
theories   of    Mr.   Hermann    Smith    (pp.  708-12)   tend    to   connect  the 
joint  action  of  the  metal  reed  and  string  in  the  present  case,  with  that  of 
the  metal  reed  and  air  column  in  reed  organ  pipes,  and  also  with  that  of 
the  air  reed  and  air  column  in  flute  organ  pipes.     There  are,  of  course, 
material  differences  in  all  three  cases,  but  the  comjJete  investigation  of 
the  first  may  tend  to  throw  more  light  on  the  other  two  ^      In  the  mean- 
time the  fact  that  the  other  two,  which    have  long  been  worked,  are  still 
not  completely  investigated,  will  serve  to  shew  that  we  have  not  to  wait 
for  a  theoretical  solution  of  the   problem  involved  in  the  string  organ 
before  we  are  able  to  reduce  it  empirically  to  a  working  condition. 

All;.  9.  New  Musical  Tones, 

Besides  the  string  organ  just  explained,  other  attempts  have  l>een  made 
to  sustain  the  tones  of  strings  in  keyed  instruments.  One  consists  of 
bringing  a  resined  cylinder  against  the  string,  which  I  heard  in  action 
nearly  forty  years  ago  at  the  inventor  s,  Herr  Kauf  mann,  then  of  Dresden, 
and  which  has  been  improved,  and  recently  patented  in  France,  but  does 
not  seem  likely  to  establish  itself.  Another  is  the  subject  of  an  Italian 
patent  by  Signer  Caldera,  and  consists  of  a  constnntly  reiterated  striking 
of  the  string  by  a  mechanical  hammer,  liberated  by  altering  pressure  on 
the  digital,  so  that  the  effects  of  this  reiteration  and  of  a  common  piano 
action  can  be  alternated  at  pleasure.  The  effect,  which  I  heard  on  a  fine 
instrument  at  Messrs.  Kirkmau^s,  Soho  Square,  is  very  like  an  incessant 
dropping  of  water,  and  although  much  admired  by  many  people  was  soon 
distressing  to  my  ear. 

M.  Fr.  Kastner  has  endeavoured  to  utilise  the  explosive  action  of  gas 
burned  in  a  tube,  which  is  well  known  to  produce  *  singing  flames ' ;  but 
his  principle  is  new.  His  memoirs  on  these  Flamnies  Chantantes  are  in  the 
*  Comptes  Rendus'  for  17  Mar.,  1873,  and  7  Dec.,  1874,  and  a  complete 
account  of  his  instrument,  with  a  discuQsion,  is  contained  in  the  *  Journal 
of  the  Society  of  Arts'  (19  Feb.,  1875,  No.  1161,  vol.  23,  p.  293).  His 
principle  is  that  *  if  two  flames  of  a  certain  size  be  introduced  into  a 
tube  made  of  glass,  and  if  they  be  so  disposed  that  they  reach  the  third 
part  of  the  tube's  height  (measured  from  the  base),  the  flames  will  vibrate 

'  See  Mr.  Hennnnii  Smith's  letter  in  Natitre^  for  1  April,  1876,  No.  283   voL  11 
p.  426. 
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in  unison.  Tliis  phenomenon  continues  as  long  as  the  flames  remain  apart ; 
but  as  soon  as  they  are  united  the  sound  ceases  *  (ibid.  p.  295).  By  an 
ingenious  mechanism  the  flames  are  united  and  separated  by  means  of 
digitals,  so  that  an  actual  air  can  be  played.  The  tone  is  good,  but  there 
seems  to  be  some  uncertainty  in  the  pitch,  the  pressure  on  the  gas  being 
important ;  and  this,  with  other  mechanical  difficulties,  have  to  be  over- 
come before  the  Pyrophone,  as  it  is  called,  can  become  a  practical  instru- 
ment. 

Art.  10.  On  the  Resolution  of  Compound  Tones  hy  Distance  and 

Reflection, 

(10a.)  In  the  summary  of  M.  Regnault*s  researches,  written  by  himself, 
and  given  as  an  Appendix  to  Prof.  Tyndall's  '  Lectiures  on  Sound,*  2nd.  ed., 
1869,  pp.  323-332,  he  notes  that  according  to  the  general  complete  for- 
mula the  velocity  of  soimd  increases  or  diminishes  with  its  intensity.  He 
not^s  of  a  pistol-shot  fired  with  one  gramme  of  powder  in  tubes  0*108, 
0  300,  and  MO  metres  (that  is  0-3543,  0*9843,  and  3609  feet)  in  diameter, 
that  the  distances  traversed  before  the  sound  was  extinguished  were 
4055-9,  15240,  and  19851-3  mtees  (or  13307,  50001,  and  65130 
feet),  and  that  the  mean  limiting  velocities  were  respectively  326'()6, 
328-96,  and  33052  metres  (or  1071-74,  1079-28,  and  1084*43  feet)  in  a 
second  respectively  at  C.  0°.  The  mean  velocity  of  sound  in  the  open  air 
is  1089-2  feet  at  C.  0°.  This  velocity  is  independent  of  the  length  of  the 
wave,  that  is,  of  pitch.  But  the  partials  diminish  in  intensity  while  their 
vibrational  numbers  increase.  Hence  we  must  expect  that  the  velocities 
of  diflerent  partials  will  be  diflerent,  that  the  prime  will  be  heard  before 
the  second  partial,  and  that  the  fir^t  and  second  partial  will  be  heard  to- 
gether before  the  third  partial,  and  so  on,  so  that  there  will  be  a  gradual, 
though  rapid,  alteration  of  quality  of  tone  from  that  of  the  simple  prime  to 
that  of  the  whole  compound  tone.  Acute  voices,  as  tenors  or  sopranos, 
are  not  so  rich  in  audible  partials  as  basses,  and  hence  to  hear  a  good 
compound  tone,  we  must  for  great  distances  employ  deep  voices.  In  this 
light  I  read  the  following  passage  from  M.  Regnault*s  summary  : 

Experiments  made  with  waves  produced  by  the  human  voice  and  by  wind 
instruments  have  demonstrated  these  principal  facts.  Acute  sounds  propagate 
themselves  with  much  less  fiicility  than  grave  sounds.  In  very  long  conduits 
[tubes],  to  hear  well  it  is  necessary  to  employ  a  baritone ;  the  fundamental 
sounds  [primes]  are  heard  before  the  harmonics  [upper  partials]  which  then 
succeed  each  other  in  the  order  of  pitch  [which  is  aJso  the  order  of  intensity] . 
The  propagation  of  the  sound  changes  its  timbre  [quality  of  tone,  p.  36,  note], 
which  is  due  to  the  admixture  of  the  harmonic  [upper  partial]  sounds.  In  very 
long  conduits,  therefore,  a  tune  embracing  a  certain  extent  of  the  gamut  [ncale] 
would  change  its  character.    (Ibid.  p.  329.) 

3  A 
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(10b.)  The  following  two  experiments  were  tried  by  me  on  a  winter'i 
night  with  an  observer  whose  ear  I  could  trust,  in   long  streets  at  Ken- 
sington, representing  a  very  wide  and  high  cutting.    I  employed  the  ^  of  a 
concertina  (the   lowest   violin   g)    soimded   for    about    half-a-second,  at 
intervals  of  about  half -a-second.    The  observer  walked  awaj  from  me  and 
listened.   At  a  distance  of  255  (stepped)  yards,  the  prime  of  ^  had  become 
fiunt,  but  its  second  partial  or  Octave  g'  was  still  so  clear  that  f he  observer 
was  under  the  impression  that  I  had  struck  both  ^  and  ^'  at  once.     At 
310  (stepped)  yards,  when  the  wind  was  quite  still,  the   prime  g  disap- 
peared, and  the  Octave  g  was  heard  alone,  but  a  slight  puff  of  wind,  which 
set  from  me  to  the  observer,  restored  the  sound  of  the  prime,  which  was 
thus  heard  to  intermit.     Such  experiments  require  repetitiou,  with  much 
variation  as  to  pitch  and  force  of  tone  and  many  observers. 

(10c.)  The  following  is  from  Mr.  W.  Chappell's  '  History  of  Music,' 
vol.  i.  p.  87: 

If  we  hear  the  voices  of  men  and  women  singing  together  in  a  room,  the 
more  rapid  vibrations  of  a  woman's  voice  seem  to  give  it  superior  power ;  bat 
if  a  chorus  of  raen*s  and  women's  voices  be  heard  singing  the  same  subject  at  a 
distance,  especially  in  the  open  air,  the  women's  voices  will  seem  to  give  bril- 
liancy to  the  men's,  and  to  die  away  in  them....  [Adding  in  a  note :]  My 
learned  friend,  G.  A.  Macfarren  . . .  tells  me  that  he  has  often  noticed  this  effect. 

Has  this  observation  anything  to  do  with  the  last  ?  Did  the  brilliancy 
given  by  the  women's  voices  consist  in  reinforcing  the  Octave  while  the 
prime  was  enfeebled,  giving  a  quality  of  tone  resembling  tliat  in  columns 
g\  C—c  of  the  table  on  p.  126,  that  is  resembling  that  for  the  middle  part 
of  a  pianoforte  ?  There  must  at  least  be  an  enfeeblement  of  the  primes 
of  the  men's  voices.    Compare  Seller's  observations,  p.  155,1.  23  above. 

(lOd.)  In  *  Nature,'  21  Aug.,  1873,  No.  199,  vol.  8,  p.  319,  Lord 
Rayleigh  gives  an  account  of  an  echo  at  Bedgebury  Park,  the  countr)*  resi- 
dence of  Mr.  Bcresford  Hope,  where 

The  sound  of  a  woman's  voice  was  returned  from  a  plantation  of  firs,  situated 
acros.^  a  valley,  with  the  pitch  raUeil  nn  Octave.  The  phenomenon  was  un- 
mistakable, although  the  original  sound  required  tb  be  loud  and  rather  high. 
With  a  man's  voice  we  did  not  succeed  in  obtaining  the  effect 

Lord  Rayleigh  refers  the  phenomenon  to  the  disturbance  of  waves  of 
sound  by  obstacles  which  are  small  in  comparison  with  the  length  of  the 
wave,  when,  according  to  his  mathematical  investigation. 

The  reflecting,  or  rather  diverting,  power  of  the  obstacle  varies  inversely  as  the 
fourth  power  of  the  wave-length.  When  a  C(»mpoaite  note,  such  as  that  pro- 
ceeding from  the  human  throut,  impinges  on  the  obstacle,  its  components  are 
diverted  in  very  different  proportions.     A  group  of  small  obstacles  will  return 
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the  first  harmonic  [first  upper  partial  tone]  or  Octave,  sixteen  times  more 
powerfully  than  the  fundamental  [prime].  After  thi!<,  it  is  not  hard  to  under- 
stand how  a  woody  which  may  be  considered  to  be  made  up  of  a  great  number 
of  obstacles,  many  of  which,  in  two  or  three  of  their  dimensions,  are  small  in 
comparison  with  the  wave-length,  returns  a  sound  which  appears  to  be  compo- 
site. The  increased  reflection  is  of  coarse  at  the  expense  of  the  direct  sound. 
If  we  conceive  a  group  of  small  obstacles  to  act  on  a  train  of  plane  waves  of 
sound,  the  effect  will  be  a  diffused  echo,  which  may  be  heard  on  all  sides,  ap- 
pearing to  proceed  from  the  group,  and  the  direct  waves  which  maintain  their 
direction.  If  the  original  sound  be  composite,  the  diffused  echo  contains  the 
higher  elements  in  excessive  proportion,  and  for  the  same  reason  the  direct  wave, 
being  shorn  of  these  higher  elements,  will  appear  duller  than  the  original  sound. 
.  .  .  What  is  here  called  the  dii*ect  sound  may  itself  be  converted  into  an  echo 
by  regvlar  reflection.  For  example,  if  a  plane  wall  were  covered  by  small  pro- 
jections, there  would  be  a  diffused  echo,  due  to  the  projections  in  which  the 
higher  elements  preponderated,  and  an  ordinary  echo,  obeying  the  law  of  n»flec- 
tion,  in  which  the  wave  elements  would  preponderate. 

The  last  case,  perhaps,  applies  to  my  two  experiments  in  streets. 

(lOe.)  Mr.  Hermann  Smith  ('Nature,*  11  Sep.,  1873,  No.  20>,  vol.8, 
p.  384)  says: 

At  the  bottom  of  my  house  there  is  a  meadow,  then  a  double  row  of  houses 
with  a  high  railway  embankment  at  the  end,  and  a  wall  rising  beyond  that. 
.  .  .  Whilst  looking  over  the  meadow  .  . .  the  sound  of  a  band  in  the*  distance 
came  upon  me,  and,  immediately  following,  the  sound  of  another  and  more 
demonstrative  band  from  an  opposite  direction  .  .  .  playing  most  noticeably 
different  melodic  phrases.  .  .  .  The  music  was  different^  so  that-,  whilst  listening, 
the  illusion  of  a  distinct  band  was  difficult  to  dispel.  .  . .  The  distance  of  the 
place  of  echo  was  approximately  GOO  or  700  feet  from  the  source  of  the  sounds, 
my  standing  place  being  at  one-fourth  of  the  di>tance ;  between  me  and  the 
band  three  houses  intervened,  over  which  the  music  came  to  me,  whilst  the 
terrace,  on  which  the  band  was  playing,  opened  freely  on  to  the  meadow;  thus 
echo  received  the  music  earliest  by  reason  of  the  unobstructed  passage,  and  her 
rendering  was  that  of  natural  selection,  the  most  vigorous  tones  and  the  pene- 
trating harmonics,  whatever  had  most  living  power  infused  by  the  players  and 
sustained  by  the  characteristics  of  the  instruments,  whilst  all  the  other  notes, 
those  of  a  low  vibrating  power  and  of  inferior  stamina,  were  lost  by  the  way. 
.  .  .  Observation  . . .  shewed  that  the  course  of  the  sound  waves  on  their  way  to 
echo  was  \n  front  of  a  detached  line  of  cottage  buildings,  then  pai^sing  into  the 
enclosed  space  between  the  double  row  of  houses  up  to  the  embankment,  the 
recourse  being  by  the  hack  of  the  cottage  buildings,  across  gardens  and  the 
meadow  to  the  listener.  The  western  sky  [was]  heavy  with  gorgeous  clouds, 
and  the  air  silent  and  sultry. 

In  all  these  CJises,  although  in  different  ways,  there  was  a  clear  reso- 
lution of  compound  tones  without  tlie  use  of  resonators,  and  the  phenomena 
do  not  easily  admit  of  any  other  explanation.  They  therefore  all  corrolx)- 
rate  the  theory  of  this  work. 

3  A  -2 
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Art.  11.  Observations  on  II err  Koen{g*8  and  Herr  von  Quanten*s  Remarks 

on  Professor  Helmholtz's  Vowel  Theory. 

(See  pp.  153-172,  179-181.) 

(11a.)  Koenig's  Vowel  Resonances. — Herr  Koenig  (p.  580,  1.  5),  in  a 
paper  printed  in  the  '  Comptes  Rendus'  for  25  April,  1870,  and  subtsequentlj 
cited  in  bis  paper  on  manometric  flames  (p.  581,  note),  after  numerous 
experiments  on  the  vowels  according  to  his  own  pronunciation,  to  deter- 
mine the  pitch  of  their  resonance  chambers  bj  means  of  tuning-forks, 
specially  constructed  and  furnished  with  runners,  gives  a  series  differing 
considerably  (at  least  as  respects  U  and  I)  from  all  those  recorded  on 
p.  163.  Reducing  his  figures  to  the  vibrational  numbers  here  used,  and 
taking  c'  =  256,  he  finds  that  the  resonances  form  a  series  of  Octaves, 
having  the  following  correspondences : 


Vowel 

.      U 

0 

A 

E 

I 

Note 

.     gftb 

z^'\> 

gft"b 

Sj'"b 

Zb"''b 

Vibratio] 

nal  No.     224 

448 

896 

1792 

3584 

He  notes  particularly  that  the  cavity  of  the  mouth  when  arranged  for  U 
(oo  in  pool)  resoimded  best  for  forks  of  between  220  and  230  vibrations 
in  a  seqpnd.^  As  respects  I  he  notes  that  d''^'  was  reinforced  by  a  cavity 
assumed  by  the  mouth  on  its  way  from  £  to  I,  and  that  by  constructing 
continually  liigher  forks  he  found  the  best  effect  produced  by  g6""b,  but 
that  acuter  forks  did  not  give  so  good  an  effect. 

The  reconciliation  of  the  numerous  differences  in  the  resonance  of  the 
cavity  of  the  mouth  for  different  vowels  is  most  probably  to  be  found  in 
a  fact,  which  has  been  long  familiar  to  me  as  a  matter  of  observation,  and 
a  hindrance  in  my  own  investigations,  that  persons  differ  widely  in  their 
vowel  pronunciation,  and  that  the  same  person  is  not  consistent  in  his  own 
habits  of  speech.     Herr  Koenig  has  carefully  worked  out  the  appearance 
of  the  manomttric  flames  for  the  vowels  U  O  A  E  I  as  simg  by  himself 
upon  each  note  of  the  just  scale  C  D  E  F  G  A  B  c  defg  ah  &y  with  a 
laboriously  preserved  identity  of  res'  nance  cavity,  and  having  drawn  up  a 
table,  compares  the  results  of  calculation  with  the  diagrams  of  his  dames. 
Thus  for  U,  the  characteristic  resonance  ^&b  being  near  the  third  partial 
of  D  and  E,  and  the  second  partial  of  A  and  B,  and  the  primes  of  a  and  &,' 
the  groups  of  flames  for  D  and  E  are  divided  into  three,  and  those  of  A 
and  B  into  two  principal  sections,  while  for  a  and  h  the  great  prepon- 
derance of  intensity  of  the  prime  over  the  neighbouring  partiala  is  clearly 
shewn.     In  all  these  cases  the  tone  reinforced  is  the  just  a  or  6  (vibra- 

*  Observe  thnt  on  p.   170  Prof.  Holmholtz,  in  order  to  get  an  approximative  U 
from  a  h\>  reed  pipe,  applies  the  repouator  h\)  and  not/. 
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tional  numbei-s  213^  and  240),  and  the  former  is  0*845  equal  Semitones 
flatter,  and  the  latter  is  1*195  equal  semitones  sharper  than  the  resonance 
of  the  oral  cavity,  a  point  of  considerable  importance  for  what  follows. 

(lib.)  Table  of  Vowel  Resonances. — Herr  Koenig*s  table  has  suggested 
to  me  the  construction  of  the  following  (on  p.  726)  on  a  totally  different 
principle,  which  may  prove  useful  to  investigators.  It  consists  of  two 
parts.  Part  I.  contains  the  equally  tempered  tones  of  the  Octave  C  to  c 
expressed  in  letters  and  in  the  numbers  of  equal  Semitones,  by  which  each 
is  distant  from  (7,  with  their  partial  tones  under  them  up  to  the  25th  in 
order,  with  the  d2nd  annexed,  numbered  in  the  first  column,  and  expressed 
by  the  number  of  equal  Semitones  that  they  are  distant  from  C  as  de- 
termined by  Table  I.,  and  division  C,  below.  The  notes  c,  (/,  c",  c"',  cf'" 
in  the  margin  shew  the  Octaves,  and  hence  give  the  numbers  of  equal 
Semitones  to  be  added  to  those  in  the  table  for  finding  the  partials  of 
higher  tones.  Thus  as  d"  is  48,  and  the  11th  partial  of  F  is  46'56,  the 
11th  partial  of/"  wiU  be  48  +  4656  =  9456.  The  first  part  of  the 
table  therefore  serves  for  any  Octave. 

In  the  second  part  of  the  table  the  first  line  represents  the  vowels  as  on 
p.  163  note,  and  under  each  is  written  in  equal  semitones  the  pitch  to 
which  the  air  in  the  cavity  of  the  mouth  most  readily  resoimds,  according 
to  the  different  authorities  cited,  who,  with  the  exception  of  Koenig,  are 
supposed  to  give  the  pitch  in  equally  tempered  notes,  and  the  difference 
between  the  pitches  assigned  should  be  carefully  noted.  Here  observe 
that  *  45  to  50  ^  means  *  variable  according  to  the  speaker,  sometimes  as 
low  as  45,  sometimes  as  high  as  50  ^;  again  '19,  31,  or  38,*  means  that 
all  three  are  given  as  heard  at  times ;  but '  49  with  17  *  means  that  there 
are  two  resonance  chambers  suitable  for  49  and  17  existing  at  once,  and 
*•  30  or  31  with  38  or  39 '  means  also  that  there  are  two  ■res'^nance  cham- 
bers, but  that  the  pitch  of  their  resonances  are  not  determined  within  an 
equal  Semitone. 

This  table  much  facilitates  the  comparison  of  the  results.  The  re- 
sonances have  been  generally  imperfectly  determined  by  observers,  and 
can  seldom  be  relied  upon  within  an  equal  semitone.  Observe  that 
German  or  Dutch  U  (which  is  probably  deeper  than  the  English  u  in 
pull  or  poovy  itself  much  deeper  than  English  oo  in  pool)  has  a  much  lower 
resonance  (if  we  suppose  Donders^s  result  as  given  by  Helmholtz  to  be 
erroneous  by  an  Octave)  than  the  possibly  Frenchified  OU  of  Koenig  (a 
German  domiciled  in  Paris),  the  difference  varying  from  a  Fourth  to  a 
minor  Seventh.  For  O,  A,  E,  Koenig  practically  agrees  with  Helmholtz, 
but  Merkel  gives  resonances  which  are  from  one  to  two  Octaves  lower, 
or  even  more.  The  Octaves  form  great  difiliculties  in  the  estimation  of 
resonance,  and  such  theories  as  led  Professor  Helmholtz  to  d""  for  I,  by 
means  of  a  *  minor  chord  of  g"*  (p.  163,  1.  1),  or  which  led  Koenig  to 
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Part  I. — Pitch  of  Riitial  "^ones  of  Equally  Tempered  Notes, 

expressed  in  Equal  Semitones, 


2 
14 

21  02 
26 

29-86 
3302 
35-69 
38 

4004 
41-86 
4306 
4502 
46-41 

47  60 

48  88 
50 


O 


B 


C 


jni 


17 
18 
19 
20 
21 
22 
23 
24 
25 
32 


49-05 

61-05 

50-04 

52-04 

5098 

52-98 

51-86 

5386 

52-10 

54  10 

53-51 

55-51 

54-28 

66-28 

5502 

6702 

55-63 

57-63 

60 

62 

i 

4 
16 

2302 
28 

31-86 
35-02 
3769 
40 

4204 
43-86 
45-56 
4702 
48-41 
49-69 
50-88 
52 

5305 
5404 

54  98 

55  80 
5610 
orol 
58-28 
5902 
5963 
64 


6 

n 

2402 
29 

32-86 
36  02 
3869 
41 

4304 
44-86 
46-56 
48-02 
49-41 
50-69 
51-88 
53 

5405 
5504 
55-98 
5686 
57-10 
58-51 
59-28 
6002 
60-63 
65 


7  I     9 

19  21 

2602  2802 

31  33 


3386 
38-02 
40-69 
43 

4504 
46-86 
48-56 
5002 
51-41 
52-69 
63-88 
55 

6605 
6704 
67-98 
68-86 
69-10 
6061 
61-28 
6202 
62-63 
67 


35-86 
4002 
4269 
45 

4704 
4886 
6056 
52  02 
63-41 
64-69 
66-88 
67 

58-05 
69-04 
69-98 
60-86 
6110 
6251 
63-28 
64-02 
64-63 
69 


11 
23 

30-02 
35 

37-86 
4202 
44-69 
47 

4904 
60-86 
52-66 
5402 
6641 
56-69 
67-88 
69 

6005 
61-04 
61-98 
6286 
63-10 
64-61 
66*28 
66-02 
66-63 
71  . 


12 
24 

31  02 
36 

38-86 
43-02 
4569 
48 

6004 
61-86 
63-66 
56*02 
66-41 
57-69 
58-88 
60 

6105 
6204 
62-98 
63-86 
6410 
6551 
66-28 
6702 
67-63 
72 


Part  II. — Pitch  of  the  Resonance  of  the  Oral  Cavities  for  Vowels, 

expressed  in  Equal  Semitones. 


Authority 

U 

0 

A 

•  • 

0 

tT 

•  • 

A 
15 

£ 

I 

Keyhep 

12 

15 

21  or  24 

29 

36 

Hollwag 

12 

13 

18 

20 

22 

21 

23 

24 

FU'rcko 

12 

19 

24 

28 

31 

31 

33 

36 

Dondew,  after » 
llelniholtz     ) 

29 

26 

34 

19? 

46 

— 

49 

53 

Donders,  alter  \ 
Merkol           i 

16 
or  17 

16 

23 

19 

33 

24 

41 

Holmliultz 

17 

34 

46  to  50 

1  with  29 

with  17 

55  to  56 
uith  38 

58 
with  29 

62 
with  17 

f  19, 31.  or 
38.  SOor 

46  or  60. 

20, 31,  or 

29 

43. 

Mcrkel 

r    14 

17.18. 

21,  23, 

33  with 

o8.     20 

with  38 

45. 

lor  15 

or  19 

or  24 

31,  with 
i  38or39 

36,  38, 

1?  32)  OP 

and 

or 

or  40 

33  with  38 

with  41 

47 

Koeuig 

21  09 

33  69;   45-69 

— 

I 

57  69 

1  69  69 

% 
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suspect  a  series  of  Octave  resonances  for  his  five  vowels,  may  often  prove 
misleading  (nee  p.  159,  note). 

(lie.)  Vowel  Resonance  Cavities. — On  p.  IGl,  note,  I  have  pointed  out 
that  there  are  probably  at  least  two  resonances  for  each  vowel.  But  I 
believe  there  are  many  more.  Between  the  true  and  false  vocal  chorda 
lies  the  ventricle,  a  small  resonance  chamber  with  a  narrow  exit  somewhat 
resembling  a  bird-call.  This  possibly  chiefly  affects  the  general  quality  of 
tone  produced.  Between  the  false  chords  and  the  epiglottis  lies  another 
which  can  be  very  strictly  limited  by  the  almost  total  closure  of  the 
epiglottis,  and  the  degree  of  closure  of  course  materially  influences  the 
resonance  of  both  these  cavities ;  it  is  known  to  be  great  for  the  vowels 
U  and  O,  and  for  deep  pitches  of  the  voice.  Between  the  epiglottis 
and  the  uvula  (supposed  to  be  aiTanged  so  as  to  close  the  entrance  to  the 
nose)  and  the  arches  of  tlie  palate,  lies  the  pharynx,  which  is  greatly 
alterable  by  muscular  action,  by  raising  and  lowering  the  larynx,  and  by 
greater  or  leas  contraction  of  the  arches  of  the  palate.  As  a  matter  oi 
fiict,  first  conspicuously  brought  out  by  Mr.  Melville  Bell,  we  now  know 
that  the  variations  in  this  cavity  and  its  oral  termination  produce  great 
changes  in  the  vowels.  The  front  and  back  arches  of  the  palate  form  alsc 
a  limited  resonance,  variable  with  the  different  degrees  of  contraction,  but 
always  imperfectly  separated  from  the  other  chambers.  The  action  of  thif 
passage  has  not  yet  been  satisfactorily  distiDguished,  but  its  peculiar  shape 
(a  kind  of  tunnel  with  bays  between  two  arches,  the  front  arch  key- 
stoned  by  the  uvula,  and  the  bays  partly  obstructed  by  the  tonsils,  while 
both  arches  can  be  separated,  constricted,  or  expanded)  points  to  con- 
siderable influence  on  resonance,  more  especially  as  it  forms  the  gallery 
connecting  the  two  principal  resonance  cavities.  Prom  the  front  arches 
to  the  teeth  we  have  the  oral  cavity,  with  its  variable  plug,  the  tongue, 
dividing  it  most  irregularly,  and  a  variable  but  most  active  amount  oj 
saliva  or  mucus.  On  page  157,  note,  I  have  shown  how  Mr.  Melville  Bell 
difrtinguishes  at  least  9  forms  of  this  cavity,  and  I  might  add  that  for  each 
form  he  distinguishes  at  least  3  varieties.  1  have  lately  been  led,  by 
studying  dialectal  pronunciation  of  English,  to  believe  tliat  an  entirely 
new  series  of  forms  dependent  upon  raised  and  even  reverted  tip,  and 
depressed  middle  and  back  of  tlie  tongue,  must  be  studied.  It  is  in 
the  forms  of  this  cavity  that  the  characteristic  of  vowels  is  generally 
sought,  and  it  is  the  only  cavity  to  which  the  principle  of  discovering 
resonance  by  tuning-forks  can  be  directly  applied,  while  its  real  separation 
by  the  tongue  into  a  variety  of  resonance  cavities  each  more  or  less  dis- 
tinctly limited,  but  at  the  same  time  more  or  less  reacting  on  each  other, 
must  render  the  discovery  of  the  principal  and  secondary  resonances  ex- 
tremely difficult,  and  is  quite  sufficient  to  account  for  the  diversities 
exhibited  in  the  second  part  of  the  preceding  table.     But  this  oral  cavity 
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m  Ixmioed  iit  £raitt  ind  at  due  sde&  fine  bj  the  imd  teelby  which  in 
aaaii3*jiu»  iiuGuicii!!  are  more  or  lea  scodded  with  gafM^  (aad  when  theK 
are  aTQuied*  h  is  mans  or  Usb  artrtirmlly  HwiitoKl  bj  haid  Mse  palates 
ofbai  30C  '{nice  cioee  to  die  real  palate,  bat  leaiiug  reKmaiit  chinks) ;  and 
Bess,  by  die  stt  cheeks  ac«i  flexible  Izps^     The  dc|gH8e  of  dosare  of  the 
orllke  or  anj  reaooazice  caTxtr  moet  miaterimlljr  mSeeta  the  pitch  to  which 
ic  speaks     Iz  is  posaacle  by  die  acczoa  of  the  jaw  to  wMfcSwtmtw  the  hard  part 
of  diii»  Iimicttioa  totecably  well  fixai,  bat  the  cheeks^  and  {Hrincipally  the 
li^e^  are  jo  Tery  !!*fsi^ue.  and  more  so  rapidly  and  eren  nnccnscioualyy  that 
there  is  zreus  diiSictzIry  in  tmnz  them  at  all,  and  greatn-  still  in  fixing  them 
cccsc{oa:»lT  at  die  same  degree  a«  woald  be  osoally  assomed  uneonBcioufllj 
in  speecii.     Yec«  as  a  mattts*  of  £act  and  obeerratioD,  the  purity  of  the 
TQwel  9cGs<i»  d^pecds  zreatly  open  die  degree  of  closure ;  and  the  Octare 
of  die  neicaance  can  be  entirely  changed  by  the  mere  acticm  of  the  lipsi 
Hidicrto  only  onil  Towels  hare  been  considered.     Now  suppose  the  uvuU 
DOC  to  bar  the  passage  to  the  ootfie.     Then  the  carity  abore  the  epiglottis 
extends  up  to  the  pcar-sh^>ed  upper  pharynx^  and  is  limited  by  the  veiy 
mobile  tzemalous  urula  towards  the  mouth,  and  by  the  back  nostrils 
abore.     Then  there  are  the  complicated  nasal  posRsg^  with  their  bony 
and    cardlaginoos    septa   and    distinct  galleries,   more   or   less   impeded 
by  mucus*  and  terminating  in  the  6vnt  nostrils ;  the  resonance  of  these 
passages  Ls  practicaUy  unknown,  but  we  are  aware  of  at  least  three  or 
four  distinct  degrees  of  nasality.     The  effect  of  superadding  nasal  to  oral 
rvsonance  U  well  known  to  be  an  important  part  of  the  Yowel  system  of 
many  q)eakera,  whether  acknowledged  (as  in  French   and  Portuguese, 
Polish  and  Gaelic)  or  unacknowledged  (as  in  some  American  English,  and 
Bavarian  German). 

Xow  there  is  no  doubt  (hyacally  that  every  variety  of  each  of  the 
cavities  just  alluded  to,  and  their  combination,  must  affect  the  general 
resonance  of  the  whole,  and  that  as  the  pulses  of  air  in  speech  and  singing 
must  i>as4  through  them  on  their  way  to  the  outer  air,  the  resulting  sounds 
mufit  be  gready  modified  in  quality.^  The  two  effects  of  speaking  and 
singing  must  be  distinguished.  One  possible  source  of  difference  is  in- 
dicated on  p.  155,  but  other  and  rery  important  characteristics  may  be 
found,  first,  in  the  gliding  nature  of  ^e  pitch  of  speech  sounds  as  dis- 
tingui:»hed  from  the  holding  pitch  of  singing ;  secondly,  in  the  gliding 
nature  of  the  quality  of  speech  sounds  and  their  origin  or  termination  in 
unmusical  windrushes  or  stops ;  and  thirdly,  supposing  both  the  latter  to 
be  overcome,  in  the  flaccidity  of  the  walls  of  the  resonance  chambers  for 
speech,  and  their  continued  tension  for  singing.     This  last  distinction 

'  As  acoustical  conditions  affecting  resooanoe,  the  difference  should  be  noted 
between  transmitting  pulses  or  pufe  of  air  through  a  resonance  chamber  (as  in  re«i 
instruments,  including  the  voice)  and  forming  vibrations  in  front  of  it  (as  in  violins, 
and  as  for  tuning-forks  held  in  front  of  the  orifice). 
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seeme  to  me,  from  obBerration,  to  form  s  complete  Reparation  between  (be 
spoken  and  the  nmg  rowel,  and  to  render  any  compariaon  of  the  two 
extremely  difficult  Then  again,  each  individual  apaaker  boa  hia  veiy 
diatinclly  marked  national  or  local,  modified  by  hia  idiosyncratic  naual 
pitch  and  inflection  of  voice,  for  which  he  is  accnatomed  to  pnxiBce  hia 
vowels  under  different  circumatanceB,  intellectual  or  moral ;  whereaa  in 
ainging  he  naea  altogether  different  or  extntae  pitches  and  artificial  in- 
flections,  for  which  he  is  unused  to  utter  his  vowels,  and  which  attract  hia 
attention  ao  much  and  reqnire  Buch  exertion,  that  he  aeldom  keepa  his 
vowela  pure,  and  even  with  the  gre&tett  care  mnat  be  unable  to  do  so, 
among  other  reaetHta,  from  want  of  any  standard  of  puii^  in  auch  caaea- 
Any  comparison  between  vowela  spoken  and  vowela  aung,  and  between 
vowels  aung  at  uaual  or  unnanal,  at  medium  or  extreme  pitches,  ia  thus 
rendered  extremely  bazardoua.  Again,  aa  we  paas  from  the  lowest  to  the 
highest  ffingable  roiea  in  one  voice  or  in  different  voices,  we  paw  through 
different '  registers  '  (p.  166,  note  3),  (he  wht^e  tlieory  of  which,  including 
their  phyaiolngical  generation  and  vocal  effect,  ia  still  under  examination,  . 
but  which  are  known  roughly  aa  '  chest,'  '  throat,'  and  '  head '  voice,  or,  as 
Mr.  Curwen  has  called  them,  the  '  thick,'   '  thin,'  and  '  small '  register*.' 

'  loMr.  Carwen*  '  St(ind«rd  Coniw.'  pp  29,32,  33,  86,  67,  10S-I07,  will  b« 
found  much  infonuntiou  on  this  sn^ect,  based  partly  on  Miut.  Seiler'g  irork  (niinA, 
p.  16fl,  Dote  2),  bat  also  on  n  large  unount  of  special  eiperimenC  on  a  great  Tuietj 
of  ToicM  made  1)j  those  Tonic  Sol-fa  t«arhen  on  whom  Mr.  Curwen  cui  relj.  For 
eoDi'enience  of  reference  I  here  give  some  of  the  remlla  indicated  especiallj  in  tha 
table  on  his  p.  106,  reduced  to  the  notation  of  this  work. 


Cumpitn  of 

r  ^ 

Women'*  porta 

1 
d- »"  r 

Upper 

1 

F  G  A  B  e  d  if  g  a 

1       1 

1 

i.. 

g  a-  h-  <r 

1      1 

"  b 

1                            1         1 

CompHsa  of 
Men-a  part* 

Thin 
Regiitcr 

t         1 

J 
Thi^R. 

Thi«k  It«gi8t« 

Small 

All  rcgistera  may  orarlap  downward!,  tliat  ia,  a  few  lower  tones  «<iy  b«  taken  on 
upper  regialeni,  greatlj  altering  their  quality.  ■  Hen  commonly  «peak  in  thait  thick 
register.  Tenor  Toiiea,  howerer.  uae  the  pleasant  higher  thick  register.  Very  rateljr 
a  nun  maj  be  heard  apeaking  in  hii  tbilt  register,  with  a  thin  sqoeaking  qnality.— 
Women  commonly  speak  in  their  thin  register  j  Init  some  eontmltoe  oae  their  rich 
upper  thiek  tones,  and  oeeanonallj  a  woman  may  be  heard  to  speak  in  tha  nmgb 
lower  thick  register.'— WnarfnrJ  Coune.  p.  107. 
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The  regulen  are,  howerer,  known  to  result  from  peculiar  modes  of  vibn 
tk>n  of  the  Tocal  chordB,^  and  their  effect  on  quality  of  tone  as  well  a 
pilch  i»  always  renurkaMe.  Tiiey  do  not  affect  the  resonance  cavitie 
thems<:Iv€s  acd  thtrir  modifying  power,  but  thej  aflTect  the  mateiial  to  b 
modifii'd  to  such  a  degree  as  entirely  to  change  the  audible  result. 

Xow  the  £x>t  efftft  of  all  tlifse  circumstances  is  to  alter  the  general 
quality  of  a  ^peakt-r*s  cr  singer  s  voice  to   a   degree  which   is  not  usually 
reft-rrtd  to  a  change  of  vowel,  and  secondly  to  alter  the  quality  to  a  d^;ree 
which  portrays  emotion  of  any  kind,  independently  of  pitch,  and  inde- 
pendently of  recognised  vowel  cliange.     It  is  only  thirdly  and  chiefly  that 
tlie  effc-ct  is  to  j>n»duce  vowel  change.     Those  who  have  studied  vowela 
however,  (and  on  this  i>oint  I  must  refer  to  the  section  *  On  Vowel  Quality 
and  its  Gradations^'  pn.  1275-1307,  in  my  *  Early  English  Pi-onimciation,' 
port  IV.,  ls7r>)  are  aware  that  vowels  *  gradate*  into  one  another  so  im- 
percej  tiMy  tLat  it  is  extremely  difficult  to  separate  them,  and  also  that 
vowi  Is,  which  detailed  examination  leads  phonetists  to  distinguish  *  speci- 
fically '  are  confounded   *  generically '  by  speakers  and  listeners,  so  that 
they  are  to  both  *  appreciably  the  same '  so  far  as  tlie  recognition  of  words, 
and  hence  the  interchange  of  thought  is  concerned.     But  as  this  is  the 
only  circumstance  in  which  listeners  in  general  are  interested  they  over- 
look the  varieties.     ( See  this  principle  well  explained  above  in  the  excel- 
lent observati^^us  on  ]ip.  95-100.)     This  is  a  matter  which  has  occasioned 
me  difficulties  in  my  phonological  researches  for  many  years  past,  and  has 
l»ecome  imfortimately  too  ^miliar  to  me.     It  is  contradictory  to  my  own 
repeated  observations  to  suppose  that  even  the  vowels  U,  O,  A,  E,  I  are 
identically  the  same  for  the  same  speaker,  at  all  times,  imder  all  com- 
binations, under  all  emotions,  and  at  all  pitches.     Still  less  is  it  correct  to 
suppo^  that  different  speakers  pronotmce  what  are  acknowledged  to  be 
the  same  vowels  in  precisely  the  same  way  when  under  similar  influences. 
Now  does  all  this  diversity  clash  with  Prof.  Helmholtz*s  theory  ?    Not 
in  the  least ;  to  my  mind  it  rather  confirms  it,  while  it  explains  the  diver- 
sities shewn  in  Part  II.  of  the  table  on  p.  726.     Every  form  of  the  reso- 
nance cavities  produces  a  variation  of  quality  of  tone  in  the  speaker.     By 
the  habits  of  different  languages  these  various  qualities,  specifically  dif- 
ferent, are  formed  into  groups,  in  which  the  elements  are  linguistically 
equivalent — that   is,    are   divided  generically.     Ordinary  observation  of 
speech  sounds  is  limited  to  the  genus.     Observers  on  resonance  also  heed 
only  generic  difference.     They  observe  for  their  own  vowel  usage,  or  that 
of  some  one  or  two  other  persons.    They  observe  only  one   principal 
resonance,  whereas  there  are  many  reacting  resonances  at  work,  and  the 

>  See  Mad.  Seiler  s  work  (above,  p.  166,  nolo  2)  and  Merkel's  Funktionen  du 
incnschlichcn  ScUund-  und  Kehlkepfe*  (Fanctions  of  the  human  pharynx  and  larynx), 
1862,  with  numerous  laryngoscopical  iUustrations ;  also  Bohnk©  in  the  Lancti, 
8  Keb.  1873. 
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prmci|)al  resonance  cavitj  itaelf  will,  from  its  great  irregularity,  reinforce 
several  tones  Ijing  at  considerable  intervals  apart,  and  will  therefore  with 
more  or  less  strength  reinforce  other  tones  lying  at  small  intervals  (such 
as  1  or  2  equal  Semitones  more  or  less)  from  their  proper  tones.  The 
nature  of  the  observation  altM)  throws  great  doubt  on  the  Octave.  Pro- 
bably not  njuch  weight  is  to  be  attached  to  any  observations  recorded  in 
Part  II.  of  the  table  on  p.  726,  except  those  of  Uelmholtz,  Merkel,  and  Koenig. 
Merkel  constantly  finds  himself  at  a  loas  to  fix  the  pitch  to  1  or  2  equal 
Semitones,  and  sometimes  to  an  Octave.  By  simply  altering  his  Octaves 
we  could  bring  him  into  close  agreement  with  Helmholtz  and  Koenig. 
That  the  chief  resonances  of  the  principal  vowels  usually  distinguished 
difler  by  very  large  intervals ;  that  there  are  two  Octaves,  a  little  more  or 
a  little  less,  between  the  principal  resonances  for  U  and  A,  and  for  A  and 
I,  seems  to  me  highly  probable.  Suppose  we  take  20,  45,  and  70  equal 
Semitones  as  roughly  representing  the  pitch  of  these  cavities  (assuming 
C  =  0).  Then*  we  might  expect  the  intermediate  O  and  E  to  have 
resonances  varying  from  about  28  to  35  for  O,  and  53  to  60  for  E.  In 
point  of  fact  my  own  observations  shew  that  even  U,  A,  and  I  are  variable, 
A  being  very  variable  indeed,  and  even  U  and  I  different  in  ordinary 
English  from  what  they  are  in  Italian.  But  O  and  E  are  so  extremely 
variable  that  we  are  satisfied  so  &r  as  the  conveyance  of  thought  is  con- 
cerned with  almost  any  intermediary  between  U  and  O  or  A  and  I ;  while 
fashion,  education,  and  habits  of  comparatively  small  coteries,  insist  upon 
wondrous  niceties,  into  which  it  would  be  here  out  of  place  to  enter,  but 
for  which  I  may  refer  to  almost  every  page  of  my  *  Early  English 
Pronunciation.' 

(lid.)  Von  Quanten^s  Objections  to  Helmholtz' 8  Vowel  Theory. — ^It  was 
not  my  intention  to  have  added  anything  from  my  own  special  phonetic 
studies  to  the  observations  made  in  the  notes  to  pp.  157-9,  161-7, 181, 
which  I  feared  would  be  thought  already  too  extensive.  But  the  preceding 
remarks,  containing  opinions  which  I  have  long  entertained,  and  have 
more  or  less  expressed  elsewhere,  have  been  inserted  as  a  necessary  intro- 
duction to  the  consideration  of  an  article  in  Poggendorff's  'Annalen,' 
1875,  No.  2,  vol.  154,  part  2,  pp.  272-294,  which  appeared  as  the  pre- 
ceding sheet  of  this  translation  was  passing  through  the  press,  and  of 
which  the  conclusion  is  promised  in  part  4,  too  late  for  me  to  refer  to 
before  publication.  This  article  is  apparently  a  translation,  communicated 
by  the  author,  from  a  paper  in  the  Transactions  of  the  Swedish  Academy, 
but  these  Transactions  have  not  yet  reached  London.  It  is  called  '  Einige 
Bemcrkungen  zur  Helmholtz'schen  Vocallehre,  von  Emil  von  Quanten* 
(Some  remarks  on  Helmholtz*s  vowel  theory,  by  Emil  von  Quanten),  and 
seems  to  me  to  be  based  upon  a  total  misconception  of  the  meaning,  bear- 
ing, and  application  of  that  theory. 
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After  a  short  introduction,  giving  the  characteristic  tones  of  Helmboltr 
as  on  p.  165,  or  in  Part  II.  of  the  table  on  p.  726,  Herr  too  Qoanten  njs 
that  in  this  cane  the  vowels  would  constantly  Taniah  as  we  ran  np  the  sole. 
That  lor  example  the  North  German  A  with  the  characteristic  tooe  6"b 
could  not  be  produced  on  9  of  the  equal  Semitones  of  the  scale,  nameljr 
cf  d  efg  gt  a  h  (/,'  while  the  Engliah  and  Italian  A  with  the  chanc- 
terttftic  tone  d"  (or  50  of  my  table)  would  vanish  for  ci  M  ff%  gl%  abd 
(Pogg.  p.  280).     Again  he  Bays  that  even  if  we  allow  Engel's  statement 
that  the  pitch  may  vary  by  a  whole  tone  one  way  or  the  other,  the  vowel 
being  imperfect  when  the  characteristic  tone  is  not  nearly  hit,  '  no  one  can 
justly   say  that  A  sounds  more  imperfectly   on  ct  than   on  c,  or  less 
diaracteristically  on  a  than  on/S,  ^b,  f&c  .  .  .  Generally,  an  nnevennes 
in  the  quality  of  vowel  tone  arising  in  such  a  capricious  manner,  is  too 
unnatural  to  be  acknowledged  as  real*  (Pogg.  p.  281).     And  observing 
that  no  one  tone  can  be  an  upper  partial  of  all  the  tones  in  an  Octave,  he 
draws  ^  the  general  conclusion  that  the  characteristic  tones  of  vowels  can- 
not have  a  constant  pitch'  (Pogg.  p.  283),  and  hedce  that '  Towels  are  not 
lormed  on  the  principle  conceived  by  Helmholtz*  (Pogg.  p.  287),  which 
he  had  previously  stated  to  be  '  that  first  a  vowel  quality  of  tone  is  formed 
of  a  prime  and  a  reinforced  partial  tone,  and  secondly  that  this  upper 
partial  is  the  same  for  every  vowel'  (Pogg.  p.  283).     Then   takings 
physiological  view,  and  observing  the  motion  of  the  larynx  for  varieties 
of  pitch,  be  asserts  that  as  '  a  diminislied  volume  gives  a  higher,  and  an 
augmented  volume  a  lower  pitch '  (Pogg.  p.  290,  which,  when  no  allowance 
i«  made  for  the  form,  and  the  size  of  external  orifice,  is  certainly  erroneous), 
the  assumption  of  constant  resonance  for  the  same  vowel  quality  is  *  not 
ix^rrect'  (Pogg.  p*  287),  and  that  hence  '  absolute  acoustic  limits,  as  Helm- 
holu  assumes,  do  not  exist  for  the  formation,  but  only  relative  physio- 
Kvical  limits'  (Pogg*  291),  which,  however,  are  not  assigned  in  the  part 
already  printed  in  Poggt^ndorff.     And  finally  he  says,  *  Daily  experience 
shews  that  none  oC  the  various  kinds  of  yoices  are  deficient  in  any  vowel 
in  either  speakii^  or  «ln^ng,  notwithstanding  Helmholtz's  theory  that  U  has 
the  constant  chawiotm^Jk  UMie/,  and  O  the  constant  characteristic  tone  h\ 
which  would  r«Mkr  it  iw|H«sible  to  form  these  vowels  on  the  middle 
tv^«  c"— </".     Awl  ^xjwrwnoe  shews  that  all  voices,  baas,  alto,  soprano, 
i!to.,  feel  the  asrne  ^i^fe^iHy  in  producing  the  vowels  upon  their  highest 
and  lowest  tones.  ,  .  .  tW  ab^lute  pitch  of  the  fundamental  tones  has  no 
iiitluence  whatc%'««'.   AM  wwols  are  formed  perfectly  on  fundamental  tones 

»  \UtM  he  apr^wwfr^r  *^^«  *"!>  to  be  an  upper  partial  tone  on  c,  «b  ab  6b. 
^t  it*  we  take  th»^  t^w*  i*f  ^Kjaally  tempered,  we  eee  by  p.  726  that  the  14th  partial 
<^  1^  i»  45-69,  the  I2ih  yrf  *>  ^  ^«*02.  the  10th  of  ^b  ia  46-86,  and  the  8th  of  Bb  i* 
A^  ^s  no  mine  of  A>  %ifi  ^  with  aU  of  theee  and  we  may  on  his  int^Ppretation 
•UHK*#  that  HelmhoU*^  lW«y  wxHild  assign  B\>  as  the  only  pit^h   which  would 
VnM\K>»  O  iu  the  OcUW  CV^V"' 
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belonging  to  tbe  middle  compass  of  the  voice,  and  less  perfectly  on  those 
which  are  more  or  less  distant  from  this  middle  region  either  way'  (Pogg, 
292).  '  The  number  of  characteristic  tones  is  consequently  for  one  set  of 
vowels  as  numerous,  and  for  the  other  set  [with  a  twofold  resonance] 
doubly  as  numerous  as  the  fundamental  tones  existing  in  the  compass  of 
the  human  voice,  with  the  slight  exception  of  the  deepest  bass  tones  on 
which,  for  physiological  reasons,  the  vowel  I,  and  the  highest  tenor  tones 
on  which  for  similar  reasons  the  vowel  U  cannot  be  produced'  (Pogg. 
p.  294). 

My  previous  remarks  already  serve  to  appreciate  the  incorrectness  of 
the  assumption  here  made  that  vowels  are  identically  the  same  at  all 
pitches.  But  what  I  hold  to  be  the  great  misconception  which  pervades 
the  whole  of  this  paper,  and  which  is  the  more  deserving  of  notice  that  it 
has  occurred  to  other  and  careful  readers  of  this  work,  is  that,  if  Prof, 
llelniholtz's  theory  be  correct,  a  vowel  could  not  be  heard,  or  at  least 
could  only  be  imperfectly  heard,  unless  the  pitch  of  its  characteristic 
resonance  chamber  were  alHO  the  pitch  of  one  of  the  upper  partial  tones  of 
the  note  to  which  it  was  sung.  Of  course  this  leads  to  the  absurdity 
(indicated  in  the  last  note)  that  scarcely  any  vowel  could  be  sung,  and  it 
is  certainly  more  logical  to  conclude  that  the  critic  had  mistaken  the 
theory  than  that  such  a  writer  as  Prof.  Helmholtz,  checked  by  such 
observers  as  Donders,  Merkel,  and  Koenig,  should  have  enunciated  a  law 
\ihich  is  *  self-contradictory'  (Pogg.  p.  283),  or  in  other  words,  transparent 
nonsense.  Of  course  Prof.  Helmholtz*s  own  enunciation  (p.  1G5)  has  no 
resemblance  to  Herr  von  Quanten's  simulacrum.  The  only  po.ssible  ground 
for  such  a  mistake  which  has  been  indicated  to  me,  may  perhaps  be  found 
in  the  author's  taking  as  examples  cases  in  which  the  resonance  of  the 
oral  cavity  had  the  same  pitch  as  one  of  the  partial  tones  of  the  note  on 
which  the  vowel  was  sung  (pp.  165, 172) — a  mere  matter  of  convenience 
depending  on  his  own  set  of  resonators.  But  again  the  question  has  been 
raised,  how  can  b'b  be  *  characteristic '  of  the  vowel  O,  when  sung  on  </ 
or  d',  which  do  not  contain  a  trace  of  b'b  among  their  upper  partial  tones, 
that  is,  *  how  can  ^'b  be  "  characteristic"  of  a  vowel  which  can  be  perfectly 
formed  without  its  co-operation  ? '  This  question  seems  to  confound  the 
existence  of  a  partial  tone  h'b  with  the  existence  of  a  resonance  chamber 
which  is  characterised  by  an  ability  to  reinforce  that  tone  primarily,  and 
therefore  specially,  although  it  may,  and  in  most  cases  must,  be  able  to 
reinforce  other  and  higher  tones  secondarily,  as  clearly  stated  in  the  enun- 
ciation on  p  165.  The  fundamental  difference  between  these  two  con- 
ceptions seems,  however,  to  need  further  elucidation.  In  the  meantime  it 
will  be  at  once  apparent  how  such  a  view  would  allow  a  cavity  having  the 
primary  resonance  b'b  to  determine  by  its  secondary  resonances  the  vowel 
quality  of  such  tones  as  e'b  or  e"b,  &c.,  into  which  b'\>  does  not  enter,  but 
only  some  of  its  Octave.**. 
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(lOe.)  Xaimrt  of  Vowtl  Retomancej  its  Experimental  Inveitigationj  a 
Pkometie  Si^fcamce. — ^The  mction  of  a  resonance  chamber  ia  twofold,  iS 
g«iend,  >D<i  secondlj  particular.  Both  occur  in  the  violin  (on  whicii  t 
p.  137);  but  as  the  resonance  chamber  is  there  constant,  the  particiil 
efiect  is  rarelj  noticed,  thongh  it  is  certainly  present.  Still,  with  simp 
the  genenl  effect,  rapid  transitions  from  high  to  middle  and  low  notes; 
y.  (I  (on  the  d  string),  tf"  ,  will  produce  results  wonderfuUj  simulating  L 
AU,  If,  VI.  The  two  first  can  he  obtained  from  c,  c^'  on  an  harmonian 
None  of  thes*  sounds  correspond  to  what  would  separately  be  recognise 
as  pure  vowels,  and  anj  sustained  pure  yowel  rapidlj  ceases  to  retain  il 
charactcri:<ic  colouring.  It  is  in  rapid  change  of  quality  that  vowel 
ppxiuce  their  proper  effect.*  But  the  mouth  differs  from  the  violin  ii 
liaving  a  movable  resonance  cavity,  so  that  the  particular  effects  hecomi 

• 

'  >lr.  Sc»r.*y  Taylor  informs  me  that  two  friends  of  his  could  tell,  the  moment  h 
strot-k  ooe  of  Koenig  s  forks,  giring  hi»  five  gBb  (p.  724).  what  vowel  it  suggest^ 
eren  when  the  forks  were  struck  at  random.  On  the  other  hand,  many  other  people  oi 
«h«>m  he  h-i*  tried  the  experiment  *  failed  to  perceire  any  vowel  character  at  all  iu  th( 
tooe«  of  the  fork^.  ordifl^*reii  altogether  in  the  vowels  assigned  to  a  particular  fork.  Some 
tim<?«  one  sind  the  same  listener  woold  first  call  a  particular  fork  tone  A,  for  example 
and  then,  on  the  experimenter  s  repeating  the  same  note,  without  saying  it  was  tiM 
same,  call  it  O  or  V,  or  some  other  voweL'  Rapidity  of  transition  would  probabij 
hare  here  helped  thom.  Isolated  tones  are  hut  very  rude  imitations  of  the  vowels, 
yet  say  boy  imit;iting  a  fiddle  will  give  some  kind  of  0  for  the  lowest  or  g  string, 
variius  kinih»  of  A  for  the  next  or  rf'  string,  various  kinds  of  E  for  the  next  or  a' 
string,  and  will  not  foil  to  squeexe  out  all  kinds  of  I  for  the  e'  string,  till  he  reaches 
an  a:?>ny  of  simulated  acuteness  in  the  I  he  chirps  out  for  the  e''"  harmonic.  I  hare 
Kvn  svvustomed  to  illustrate  the  action  of  the  lungs,  windpipe,  and  mouth  in  ^)eech, 
Ity  a  small  hollow  indian-rubber  ball  with  a  hole  in  it  (sold  as  a  plaything),  through 
which  I  pu^  the  long  tube  of  a  small  cup  (used  in  one  of  Perry's  inkstands,  but  a 
narrow  glass  tube  with  a  bell  expansion,  as  used  by  chemists,  answers  perfectly). 
Prw>inir  the  ball  we  have  the  wind  rush  through  the  small  orifice  of  the  tube,  rein- 
foTced  by  the  bell-like  expansion  of  the  cup.  forming  a  very  high,  imperfect  note, 
Corerinp  the  top  of  the  bell  more  or  less  by  the  hand,  the  note  is  greatly  flattened, 
and  when  a  very  small  opening  is  thus  left  it  is  rery  dull.  Rapidly  covering  and  un- 
covering, which  is  easily  managed,  on  passing  from  the  small  to  the  large  orifice— 
although  everything  is  very  imperfect — the  sound  of  oo-fe  or  we  is  immediately  sug- 
geste*l  to  the  listener,  and  reversing  the  motion  ef-oo  or  you  is  recognised.  Years  ago 
I  heard  the  same  experiment  much  more  completely  perft)nned  with  a  bellows,  reed- 
pipe,  bell  exp-\nsion,  and  tight-fitting  cover,  by  Sir  Charles  Wheatstone.  An  ordinary 
jar  tuned  (by  pouring  in  water)  to  r",  when  excited  by  a  </  fork  struck  strongly,  gives 
<r"  the  CVtave,  but  if  nearly  covoretl  by  a  sliding  lid.  produces  c'.  Pass  rapidly  from 
one  position  to  the  other,  and  the  effects  of  toe,  you,  are  again  produced.  Even  when 
water  is  ailmittcl  forcibly  from  a  tap  into  a  jug  the  transition  from  an  U  through  an 
A  to  an  I  sound  is  unmistakaMe,  as  the  size  of  the  resonance  caA-ity  diminishes.  B«t 
of  course  when  notes  are  prolonged  no  similarity  to  vowels  is  heard.  And  different 
people  actuated  by  attention  differently  directed  will  hoar  vowels  in  notes  as  differ 
ently,  perhaps,  as  they  see  faces  in  the  burning  coals  or  on  a  wall-paper  patten 
This  seems  to  me  to  l>e  at  the  bottom  of  the  differences  of  Mr.  Taylor's  listeners. 
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obtnisive,  and  the  general  effects  are  not  so  much  considered.  Yet  the 
tone  produced  in  the  larynx  is  also  altered  by  the  general  action  of  the 
resonance  cavity,  which  throughout  all  the  varieties  of  form  assumed,  bears 
such  a  constant  general  resemblance  to  itself  for  the  same  individuil 
speaker,  as  to  characterise  his  quality  of  voice,  oftentimes  sufficiently  for 
it  to  be  recognised  amid  a  hundred  others^  When  a  singer  has  '»>good 
voice'  there  must  be  a  general  and  proper  reinforcement  of  those  partials 
in  each  note  which  are  usually  reinforced  in  good  musical  tones.  When 
during  the  utterance  of  a  note  the  form  for  a  vowel  is  assumed,  the 
resonance  (which  for  any  cavity,  and  especially  any  irregular  cavity,  is 
manifold)  reinforces  some  of  its  partial  tones  more  than  others,  and  damps 
some  more  than  others,  according  to  the  law  laid  down  (p.  165,  1.  3). 

This  docs  not  mean  that  the  resonance  necessarily  or  frequently  exalts 
one  particular  pai-tial  into  predominance  and  damps  the  remainder  into 
insignificance,  but  that  it  makes  those  partials  which  are  nearest  in  pitch 
to  the  pitch  of  any  one  of  the  proper  tones  of  this  resonance  cavity,  louder 
than  they  otherwise  would  have  been,  and  those  which  have  no  relation 
to  any  such  proper  tone,  and  are,  perhaps,  more  than  4  equal  Semitones 
distant,  less  loud  than  they  would  have  been  had  no  such  resonance  cavity 
intervened.  In  short,  the  particular  form  alters  the  comparative  loudness 
of  the  partials,  by  favouring  those  nearest,  for  a  given  vowel,  to  a  given 
pitch  ;  a  pitch  which  is  independent  of  the  pitch  of  the  note  itself,  or^  rather, 
would  be  independent  of  the  pitch  of  the  note  uttered  if  it  were  easy, 
or  even  possible,  to  pronounce  the  same  vowel  accurately  at  all  degrees  of 
pitch  ;  that  is,  to  give  precisely  the  same  form  to  the  resonance  chambers, 
the  same  degree  of  tension  to  their  walls,  and  of  opening  to  the  connecting 
passages.  Take,  for  example,  from  Part  11.  of  the  table  on  p.  726,  the 
cavity  having  a  principal  resonance  34,  with  other  resonances,  which, 
though  unknown,  must  not  be  forgotten.  This  corresponds  to  the  vowel 
O,  according  to  Helmholtz  and  Koenig,  and  is  two  Octaves  or  more  higher 
than  the  resonance  assigned  to  this  vowel  by  other  observers.  But  keep 
to  34.  For  C  the  7th  partial  (33*69)  would  be  unnaturally  strong,  but 
the  Gth  (31-02)  and  8th  (36)  would  be  also  rather  reinforced  than 
damped.  Would  the  7th  be  stronger  tlian  the  6th  ?  Perhaps  about  as 
strong.  The  2nd  (12),  3rd  (1902),  and  4th  (24)  would  be  enfeebled, 
but  would  they  be  less  prominent  than  the  7th  7  It  is  in  the  highest 
degree  improbable.  On  D  the  6th  (3302),  would  be  more  fiivoured  than 
the  7th  (35-69),  on  E,  F,  and  G  the  5th  (31-86,  32-86,  33-86),  but  on  A 
and  B  the  4th  (33,  35).  We  conclude,  then,  that  the  effect  of  the  vowel 
would  be  better  felt  on  the  higher  parts  of  this  Octave  than  the  lower. 
And,  in  point  of  fact,  no  vowels  are  worth  much  below  F^  even  if  there. 
But  at  A  a  good  O  can  be  made,  much  deeper,  however,  than  the  ordi- 
nary O.  Now  proceed  to  the  next  Octave.  The  simplest  way  to  do  so 
in  the  Table  on  p.  726  is  to  diminish  the  assumed  pitch  of  the  resonance 
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bj  12,  mnd  then  to  use  the  result  in  Part  I.  as  it  stands,  rememhering  ih 
the  toaes  are  in  reality  to  be  considered  as  higher  hy  an  OctsTe,  or  J 
equal  Semitooea.  In  this  way,  on  reducing  34  to  22^  we  see  that  the  n 
sonance  will  reinforce  the  3rd  and  4th  partials  of  c ',  and  the  3rd  of  dj 
Terr  Bairlj,  so  diat  these  tones  will  be  good  for  O.  But  /"will  not  giT 
this  O  so  distinctly  as  ^^  a,  6,  which  would  have  the  2nd  partial  reinforced 
For  the  next  Octave  we  uke  10  as  the  resonance  pitch  in  Part  I.,  p.  72^ 
and  we  find  c  almost  the  only  note  reinforced  till  we  oome  to  a',  b\  Bu 
now  comes  another  pttint  into  play.  At  b  we  have  reached  the  ohiinsz] 
limits  of  the  thick  register  for  bass  Toices  (p.  720,  note),  and  hence  e\  d 
are  oAen  difficult  notes  to  strike.  I  doubt  much  whfither  the  carity  witl 
a  resonance  34  could  be  preserred  for  c ,  d'  without  closing  the  mouth  tc 
such  an  extent  that  the  quality  of  tone  would  be  seriously  injured  throngli 
the  absence  of  upper  partial  toneai  The  singer  in  all  such  cases  sacrifice 
his  rowel  quality  to  his  general  musiGal  quality.  With  bass  singers,  thane- 

*  Mr.  Sc^ej  Tarlor  sajs  that  vhen  he  aang  O  upon  e^  he  fbimd  ^  the  3id  partial 
nneh  stiuoger  than  <-^  th^  4th  partUl,  thoa^  the  former,  by  the  table  oo  p  726  u 
Z-ifL  and  thip  Uttrr  oalr  2  eq«4l  Semitones,  from  the  characteristic  resonance  piteb 
h'b'  Bat  tbijs  r«e(>DaDee  somewhat  streogtheas  both.  Natur&llj,  i.e.  without  this 
FMonance.  the  Snl  partial  if  much  stronger  than  the  4th.  It  might  remain  much, 
though  not  ««i  much*  str^^ng^r.  Bat  the  loadness  of  the  3rd  and  4  th  partial  being 
bi^h  gT«Ater  thun  titer  woald  otherwise  have  been,  and  both  in  the  neighbourhood  d 
the  ehamcteristic  reMxiance  pitch,  the  O  sound  would  be  quite  well  distinguished 
Whea  Mr.  Tarlor  eani;  A  on  c  be  fmind  ^,  the  6th  partial,  extremely  prominent  and 
much  Kmder  thaa  ^^'b*  althoogh  ^b  is  the  characteristic  resonance  pitch  of  tht 
Towel.  Taking  a6  as  the  mionance  pitch,  diminishing  it  by  12,  and  using  34  in  PsrtL 
of  p  726.  we  find  that  the  5th,  6th,  7th,  and  8th  partials  of  c  are  respectively  6*14, 
2  98,  0  31,  and  2  ei^ual  Semitones  distant  The  5th  should  bo  rather  damped  than 
otherwise,  l-ut  would  still  possibly  be  louder  than  any  of  the  other  3,  altliough  all 
tht^'jKe  would  l>e  reinforced.  That  the  6th  should  be  extremely  prominent  may  be  « 
peonliarity  of  the  »ing«>r  5  natural  quality  of  voice,  and,  if  so,  that  it  should  be  moch 
Kiudor  than  the  7th  v^hioh  is,  perhaps,  naturally  very  weak),  even  when  the  latter 
wen«  Teiufi>rceil  by  n^onance,  would  not  be  surprising.  The  vowel  effect  is  due  to  the 
reinf^irement  of  all  those  three  partials  in  the  nei^bourhood  of  ^'b.  But  it  is  no- 
torious that  A  is  of  all  vowels  the  one  least  distinctly  differentiated  from  an  ordinary 
gcxyX  musical  quality  of  tone,  and  is  hence  best  adapted  and  most  commonly  employed 
for  singing  exercises.  Singers,  however,  actually  alter  its  quality  most  materially  as 
they  ascend  or  descend  the  scale.  The  above  experiments  were  tried  with  a  series  d 
rewnatore  ;  the  following  whs  tried  with  Koenig^s  manometrie  flames  (p  581) :— *  A 
trained  treble  voice  sang  the  scale  on  0  in  the  neighbourhood  of  6'b ,  both  diatonically 
and  by  slurring  or  portametito,  but  the  saw-edge  on  the  mirror  remained  perfectly 
steady.  The  passage  through  the  characteristic  [resonance  pitch]  b'b  or  one  of  itc 
undertones  [subtones]  produced  no  alteration  whatever.*  That  is,  in  all  cases  only 
the  prime  was  reinforecni,  compare  Koenig^s  remarks  for  a  and  h  sung  on  U,  p.  724 
•  On  the  other  hand,  the  leai^t  change  of  vowel  pronunciation  [that  is,  vowel  genus 
produced  an  instantaneous  change  of  form,'  due  to  the  complete  change  of  resonance 
whereby  the  prime  ceased  to  be  reinforced.  As  I  conceive  it,  such  experiments  ar 
thoroughly  consistent  with  Prof.  Helmholt&*8  theory,  as  Uid  down  on  ^  ^^' 
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fore,  the  O  on  c  is  changed,  and  made  nearer  in  sound  to  A.  But  for  the 
tenor  the  matter  is  different.  Singing  from  c  to  Z'  in  lus  thick,  or  upper 
thick,  register  he  can  get  out  a  good  tone  on  d  and  a  good  O  with  the  2nd 
partial  (36)  well  reinforced ;  but  as  he  goes  up  his  O  fails  him,  so  far  as 
it  depends  on  34.  The  O  heard  would  depend  either  upon  the  higher 
proper  tones  of  this  principal  resonance  cavity,  or  on  the  other  unexplored 
and  unrecorded  resonance  cavities  of  O  (compare  p.  161,  note),  or  would 
change  its  quality  in  the  direction  of  A.  Take  the  soprano  singing  from 
h  to/".  Here,  since  h  and  c  are  near  the  lower  extremity  of  the  voice 
the  muffled  effect  will  readily  give  an  U  or  O  effect  (see  p.  734,  note),  and 
the  O  effect  is  in  fact  obtained  by  taking  a  higher  resonance  on  the  way  to  A 

By  the  help  of  the  tables  on  pp.  726  and  729,  note,  the  above  can  be 
worked  out  in  fuller  detail,  and  all  the  other  vowels  can  be  examined. 
The  following  is  suggested  as  a  method  of  study  : 

Take  the  English  words  /oo,  lo  I  lah  I  lay^  lee,  which  contain  at  least 
one  form  of  the  vowels  U,  O,  A,  E,  I,  preceded  by  the  most  vocal  of  oral 
consonants,  which,  however,  necessitating  a  real  contact  of  the  tongue 
with  the  hard  palate,  allows  the  vowel  to  be  '  attacked  *  firmly. 

First  endeavour  to  sing  each  vowel  on  the  whole  compass  of  the  voice. 
All  the  different  kinds  of  voices  sliould  be  tried,  beginning  with  the  ex- 
perimenter's own,  and  different  singers  having  the  same  range  of  pitch. 
Begin  with  the  middle  note  and  sing  the  diatonic  scale  first  down,  then 
return  and  proceed  to  the  top  and  end  on  the  middle.  Observe  carefully 
whether  any  change  of  vowel  quality  occurs  during  the  process ;  whether 
for  any  vowel  the  effect  of  descending  is  not  to  approximate  the  (]uality  to 
the  next  on  the  left  of  the  series  hOf  lOy  lah^  lay,  lee,  and  of  ascending  to 
approximate  it  to  the  next  on  the  right ;  and  whether  the  vowel  quality 
does  not  tend  to  become  almost  unrecognisable  at  the  extremes.  Observe 
also  whether  the  vowel  sounds  when  sung  agree  with  the  vowel  sounds 
when  spoken  at  approximatively  the  same  pitch.  As  a  further  preliminary 
experiment,  take  some  well-known  air,  involving  considerable  changes  of 
pitch,  but  presenting  no  vocal  difficulties,  and  sing  it,  or  get  it  stmg,  with 
each  note  called  loo,  and  then  with  each  note  called  lo,  or  lah,  or  lay,  or 
lee,  and  observe  the  remarkable  difference  of  vocal  effect.'     And,  finallj^ 

>  The  air  Gentle  ZUeUa,  popular  some  five  and  forty  years  ago,  and  not  exceeding 
a  Ninth  in  compass,  will  serve  very  well.  It  is  here  noted  for  a  bass  voice,  and  may 
be  sung  an  Octave  higher  by  an  alto.  Tenors  may  take  it  a  Fifth,  and  sopranos  a 
Twelfth  higher.  But  it  would  be  advisable  to  begin  it  with  the  lowest  note  on  the 
compasfi,  and  gradually  increase  the  pitch  till  the  highest  not«  reaches  the  npper  limit 
of  the  voice.  Each  letter  represents  a  quaver,  a  hyphen  continues  it  for  another 
quaver,  and  0  is  a  quaver  rest. 

\Oed\9'g\gdg\i'  G\Ged\€gO\gd€\e'0\ 
\e99\a'e\99d\e'o\ddd\g'd\deA\G'0\ 
\Ged\e'g\gdg\e'  G\Qed\€gO\gde\€'0\ 

See  also  p.  313,  text  and  note. 
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niig  the  scale  from  the  middle  down,  up,  and  down,  to  the  middky  i 
mlrcady  suggested,  repeating  each  note  five  timea,  and  singing  it  each  tin 
to  a  different  word  of  the  series  loo,  lo,  lah^  lay^  lee.  This  last  experimei 
sliould  be  conducted  slowly,  and  the  order  should  be  yaried,  and  especial]; 
the  extremes  and  the  middle  should  be  taken  in  giidii^  sooceasion  witi 
the  others,  and  hence  omitting  the  second  / ;  thus,  loo-^hf  loo^-tej  lee^^HK 
iee^h,  lah-ooj  lah^ee.  It  will  be  found  at  first  yeij  difficnlt  to  "mmt^'Ti 
both  pitch  and  approximate  purity  of  vowel  qoali^  in  such  changes. 

These  experiments,  which  require  no  apparatus,  are  purely  prelimi- 
nary,  for  the  purpose  of  accustoming  the  ear  to  obsenre,  and  the  organs  to 
produce,  the  Yowel  sounds  at  different  pitches,  and  thus  to  enable  the  ob- 
scrrer  to  understand  the  subsequent  experiments.  Another  and  useful 
preliminary  experiment  tending  to  shew  the  effect  of  altering  one  principal 
remnance,  u  to  sing  each  vowel  steadily  for  as  long  a  time  as  the  breath 
will  hold,  and,  maintaining  the  tongue,  pluuynx,  teeth,  and  pitch  immov- 
able, to  vary  the  lips  most  fantastically,  narrowing  them  to  an  almost  im- 
perceptible round  hole,  opening  them  wide,  stretching  them  longitudinally 
but  keeping  them  fiat,  pouting  thnm,  making  the  opening  on  one  side  of 
the  mouth  or  the  other;  in  short,  making  all  kinds  of  grimaces,  and 
changing  rapidly  from  one  form  to  the  other.  The  audible  effect  is  wild 
and  absurd,  but  immensely  instructive  as  to  the  action  of  the  shape  of  the 
orifice  on  resonance,  and  the  action  of  resonance  on  vowel  quality. 

Acoustical  experiments  requiring  apparatus  may  then  be  conducted 
thus.  A  vowel  is  spoken,  and  the  voice  ceasing,  but  the  position  of  the 
cavities  being  maintained,  the  principal  or  oral  resonance  is  ascertained 
as  accurately  as  possible  by  a  tuning-fork  furnished  with  runners.  This 
roquircft  to  be  repeated  many  times  to  ensure  moderate  success,  and  afler 
tlic  pitch  is  ascertained,  the  vowel  must  be  again  spoken  to  ascertain  that 
the  form  of  the  cavities  has  not  changed.  Then  the  cavities  should  be 
adjusted  to  the  resonance,  without  speaking,  and  aflerwards  the  singer 
should  sing  a  note  to  the  corresponding  vowel  at  different^  pitches  for  a 
sliort  space  of  time,  (merely  sufficient  to  ascertain  and  recognise  the  vowel 
quality  and  compare  it  with  the  former,)  and  the  resonance  of  the  cavity 
should  be  inunediately  tested  by  the  fork.  It  will  probably  be  quite  per- 
ceptibly changed.  This  experiment  should  be  conducted  for  Uie  whole 
compass  of  each  kind  of  voice,  and  for  the  ^ve  vowels  in  question,  which 
are  a  very  small  number  indeed  in  comparison  with  those  in  use.^ 

•  In  my  •  Early  English  Pronunciation,'  p.  1294-7,  it  is  shewn  by  the  identification 
of  Tt»irel  sounds  in  45  European  languages,  made  fop  that  irork  by  Prince  Louis 
I.ucien  Bonaparte,  that  these  languages  distinguish  67  vowels,  inclusive  of  nasals,  and 
that  at  leart  16  Towal  signs  (inclusive  of  nasal  vowels)  are  required  for  an  approxi- 
nmtirolj  accurate  representation  of  their  vowel  qualities.  As  respects  the  numbers  of 
nvogniscd  vowels,  only  3  languages  (modem  Greek,  Spanish,  and  Illyrian)  are  con- 
tent with  the  6  in  the  text ;  and  to  take  only  well-known  languages.    7  yowels     w 
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Next  the  singer,  keeping  his  mouth  so  as  to  give  the  same  resonance 
(which,  on  account  of  the  extreme  difficulty  of  preserving  it,  must  be  con- 
stantly tested,)  corresponding  to  that  of  one  of  his  known  vowels,  already 
ascertained,  should  sing  it  to  notes  of  which  the  partials  correspond  to  the 
resonance  of  sets  of  resonators  in  the  possession  of  the  observer.  The 
comparative  loudness  of  the  upper  partials,  should  be  noted  for  each 
Yowel,  and  having  been  approximatively  entered  in  a  table  similar  to 
that  on  p.  181,  the  changes  of  loudness  for  changes  of  vowel  should  be 
compared,  and  then,  by  means  of  another  table  specially  constructed  for 
the  pitch  selected,  and  arranged  in  the  same  way  as  that  on  p.  726,  these 
changes  of  loudness  should  be  compared  with  the  influence  of  resonance. 
In  doing  so  we  must  bear  in  mind  the  natural  quality  of  the  singer's  voice 
at  different  pitches,  that  is,  the  natural  comparative  loudness  of  the  upper 
partial  tones  independently  of  the  peculiar  vowel  resonance  (p.  313),  by 
making  him  sing  on  a  neutral  vowel,  as  u  in  cur,  and  tabulating  the  relative 
loudness  of  his  partial  tones.  We  may,  however,  assume  that  the  partials 
decrease  rapidly  in  force  as  they  ascend  in  pitch,  and  that  hence  a  rein- 
forcement of  a  comparatively  high  partial,  making  it  nearly  of  equal  force 
with  a  lower  one,  though  perhaps  still  of  inferior  loudness,  will  be  very 
effective  on  vowel  quality  in  rapid  transitions;  also  that  a  resonance 
pitch  lying  between  two  partials,  at  nearly  equal  intervals,  may  reinforce 
both  so  equally  as  not  to  render  any  change  of  their  mutual  relation  per- 
ceptible, but  having  reinforced  bo^,  will  render  both  louder  than  they 
would  have  otherwise  been,  and  hence  vrill  still  characterise  vowel  quality. 

(llf.)  Distinctive  Character  and  Phonetic  Value  of  HelmhoUz's  Vowel 
Theory, — But  even  afler  all  these  experiments  have  been  undertaken,  con- 
ducted, tabulated,  and  analysed,  it  must  be  remembered  that  only  one  prin- 
cipal resonance  hfis  been  used,  and  that  many  resonances  are  actually  at 
work ;  and  hence  that  the  results  are  too  imperfect  to  be  conclusive,  and  can 
only  lead  to  the  formation  of  an  hypothesis,  which  has  to  be  verified  syn- 
thetically, and  which  has  been  so  verified  approximatively,  with  a  degree 
of  success  far  exceeding  what  might  have  been  expected,  by  the  experi- 
ments of  Willis  and  Helmholtz  with  mmple  resonance  (p.  170,  above)  and 
of  Helmholtz  with  tuning-forks  (p.  180)  and  organ-pipes  (p.  187).  As  the 
repetition  of  all  these  experiments  requires  special  apparatus  not  easy  to 
procure  or  manage,  the  following  may  be  tried  by  the  voice  only,  although 
the  effect  is  necessarily  imperfect  from  the  compound  character  of  its  tones. 

found  in  Welsh,  8  in  Russian,  9  in  Italian,  10  in  High  German,  12  in  Dutch  and 
Scotch,  13  in  Icelandic,  16  in  French  and  Danish,  17  in  Swedish,  19  hi  Portuguese 
and  English,  and  21  in  Gaelic  This  is  exclusive  of  Tarieties  which  occur  proyincially, 
and  which  would  hugely  increase  the  numbers.  This  enumeration  will  give  some 
notion  of  the  enormous  difficulties  and  extent  of  the  concrete  problem  to  be  solved. 
Key  w(»ds  to  all  the  fonns  mentioned  are  given  in  my  book« 
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Obuin  six  Toices  which  will  sing  Bb,  bbyf^^  &'b,  a!\f"^  and  make  them 
all  sing  the  neutral  vowel  u  in  cur^  but  vary  the  force  with  which  thej 
produce  it  according  to  the  indications  of  the  first  part  of  the  table  on 
p.  181,  note.  Of  course  the  intonation  must  be  very  precise.  Compare 
aldo  the  pianoforte  experiment,  pp.  104,  &  189,  note. 

After  such  experiments,  and  mj  own  phonetic  observations,  I  can  feel 
no  doubt  of  the  general  accuracy  of  the  principle  annoimced  by  Helmholtz 
(p.  165).  Perhaps  then  we  may  take  the  following  to  represent  the  state 
of  the  case  so  fiur  as  we  at  present  know. 

Vowel  quality  from  all  time,  and  especially  since  the  experiments  of 
Kratzenstein  (1780)  and  Kempelen  (1791),  has  been  associated  writh  the 
form  of  the  cavities  above  the  vocal  chords,  and   that  form  has  been 
assumed  to  be  constant  for  each  voweL     The  various  forms  of  those 
cavities,  distinguishing  the  effects  of  the  tongue,  the  contraction  and  ex- 
pansion of  the  phaiynx,  and  the  -closure  of  the  lips,  have  been  minutelj 
studied  by  Melville  Bell  (p.  157,  note).     That  the  action  of  these  cavities 
was  due  to  resonance  was  perhaps  first  formulated  by  Wheatstone  (p.  153, 
note).     The  pitch  of  the  resonance  was  roughly  ascertained  250  to  150 
years  ago  (p.  162,  note  1),  and  recently  with  moret  accuracy  by  Dondera, 
Helmholtz,  Merkel,  and  Koenig.     The  &ct  of  constant  double  resonance, 
which  could  be  arranged  in  two  series,  the  front  resonance  being  high  while 
the  back  was  low,  and  conversely,  was  brought  out  approximatively  and 
made  audible  by  Graham  Bell  (p.  161,  note).   The  facts  that  the  resonance 
is  rather  manifold  than  merely  double,  and  that  the  vowel  is  constantly 
variable,  representing  a  genus  rather  than  a  species,  although  very  obvious 
deducti(>ns,  were  perhaps  (I  am  not  at  all  ceitain)  first  formulated  by  my- 
si>lf  ('  On  the   Physical  Constituents  of  Accent  and  Emphasis,'  in  the 
*  Transactions  of  the  Philological  Society,'  1873-4,  pp.  177-8,  and  'Early 
English  Pronunciation,'  1875,  pp.  1277-84). 

The  great  advance  made  by  Prof.  Helmholtz  on  all  his  predecessors, 
establishing  him  as  the  author  of  the  theory,  is  the  recognition  of  the 
pitch  or  pitches  of  the  resonance  chambers,  and  not  their  forms,  as  the 
effective  marks  of  the  vowels,  and  the  indication  of  the  means  by  which 
this  result  was  effected,  namely,  by  strengthening  the  partiala   in  the 
neighbourhood  of  the  pitch  of  the  resonance,  and  weakening  those  at  a 
distance.      This  indication  was  not  an  isokted  statement,  but  a  strict 
dtnluotioii  from  his  discoveries  concerning  the  compound  nature  of  musical 
sound,  and  it  could  not  have  possibly  been  made  before  those  discoveries. 
Speaking  after  more  than  thirty  years  of  phonetic  research  (p.  170,  note), 
1  consider  this  indication  one  of  the  most  remarkable  advances  in  phonology 
which  I  have  had  the  good  fortune  to  encounter.     To  mention   only  a 
single  important  point,  it  explains  what  so  long  puzzled  mere  phonetists, 
how  rccognisably  identical  vowel  sounds  can  be  produced   by  different 
forms  and  capacities  of  the  oral  cavities,  because  resonance  may  be  practi- 
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See  ApfiL 


A,  pp.  642-4,  and  Table  VI.,  A.,  p.  761. 
JiBi  Tmnwilinn      (See  p.  &42.) 
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08299 
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28895 
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ftill  logarithm 

•02312  87988  47137  75017 
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•00539  60318  86706  16354 

-99460  40681   13293  83646-1 

•00683  94245  30305  46598 
•99316  05754  69694  53402-1 

•00049  01071  33600  37504 

•09950  08928  66309  62496-1 

•00006  12633  91700  04688 
•99993  87366  08299  95312-1 
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•00049 
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•00049 
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04574 
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61692  21156 
89226  82310 
44246  01487 
61879  28636 
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B.  Logarithms  for  Musical  Calculations.     (See  p.  644.) 


No. 

Logarithm 

No. 

Logarithm 

1 

2 
3 

4 

0 

0  30102  99956  63981  19521 
0-47712  12547  19662  43730 
0  60205  99013  27962  39043 

25 
26 
27 
28 

1*30794  00086  72037  60957 
1-41497  33479  70817  96442 
1*43136  37641  58987  31189 
1*44715  80313  42219  22114 

5 
6 

7 
8 

0-69897  00043  36018  80479 
0-77815  12503  83643  63251 
0-84509  80400  14256  83071 
0*90308  99869  91943  58564 

29 
30 
31 
32 

1*46239  79978  98956  08733 
1*47712  12547  19662  43730 
1*49136  16938  34272  67967 
1*50514  99783  19905  97607 

9 
10 
11 
12 

0-95424  25094  39324  87459 

1*0 

1*04139  26851  58225  04075 

1*07918  12460  47624  82772 

37 
41 
43 
47 

1*56820  17240  66994  99681 
1*61278  38.567  19735  49451 
1*63346  84555  79586  52641 
1*67209  78579  85717  46441 

13 
14 
15 
16 

1*11394  33523  06836  76921 
114612  80356  78238  02593 
1*17609  12590  55681  24208 
1*20411  99826  55924  78085 

53 
59 
61 
67 

1*72427  58696  00789  04563 
1*77085  20116  42144  19026 
1*78532  98350  10767  03389 
1*82607  48027  00826  43415 

17 
18 
19 
20 

1*23044  89213  78273  92854 
1*25527  25051  03306  06980 
1*27875  36009  52828  96154 
1*30102  99956  63981  19521 

71 
73 
79 
83 

1*85125  83487  19075  28609 
1-86332  28601  20455  00107 
1*89762  70912  90441  42799 
1*91907  80923  76073  90383 

21 
22 
23 
24 

1*32221  92947  33019  26801 
1*34242  26808  22206  23596 
1*36172  78360  17592  87887 
1*38021  12417  11606  02294 

• 

89 

91 

97 

101 

1-94939  00066  44912  78472 
1*95904  13923  21093  59992 
1-98677  17342  66244  85178 
2-00432  13737  82642  57428 

C.  Mutual  Conversions  of  Tabular  Logarithms  and  Numbers  of  Equi 

Semitones. 

An  interval  may  be  accurately  given  by  the  numerical  ratio  of  th 
vibrational  numbers  of  its  tones,  or  by  the  logarithm  of  that  ratio,  as  i 
division  A.  But  musicians  are  more  accustomed  to  reckon  by  th 
number  of  equal  Semitones  and  parts  of  an  equal  Semitone  in  the  interva 

1.  As  '02  eq.  sem.  is  almost  exactly  a  skhisma,  and  *22  almost  exactl 
a  comma,  it  is  seldom  necessary  to  proceed  beyond  three  places  of  decimali 
These  may  be  found,  within  a  unit  in  the  last  place,  from  the  numericf 
ratios  in  division  A  of  this  Table  and  Table  U.,  and,  for  all  just  intervaL 
by  the  following  table : 

Numbers        12  3  5  7 

Eq.  sem.         0         12         19020        27-863        33-688 
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Kinixc  uit  «.-c^'T7r[g  s«  cqaJ  Sfiitntif  where    the   namben  ar 
-mur.ritifL      Ti::s  ijr 


D  =  I  =  .  3  X  S>  +  (2  X  2  X  2) 
t  X  Ii^3>  -  3  X  12  s  2^>I0  equal  Seoutones. 


inr  itsrsesvi  iraerru  ve  miBi  fini  find  the  tabnhur  Iqgaiitliii] 
xr  rr>  TiaixfL  znJLT^T  h  Ij  i<X  az>d  nbczad  its  dOOth  put.  Thus  log 
f  =:=  r^::^  sr  I:  V*k  s  2^:4^»,  of  which  the  300th  part  £b  -00682, 
~fsr<s:ot  r<==f  2^:«3>,  when  then  pboea  onlj  are  kept,  which  is  i 
2zcr»  eccTacs  :za=.  2v4<>.  Fire  places  of  decimals  maj  be  obtBined 
eccrseslj  irrcL  yjoszjsa  of  ktch  peaces  bj  snbtractijig  ahio  the  300th  and 
^.-».c^  TATS  <x  the  cri^izal  Vcarithm  thni : 


=  L  -r- 1  =  -•!«5115  25 

«  «  =  203910 


•  =  i-v/  =  2<»461  C»C»0  /  =  «  -A.  40  =     -05097  75 

3  =  3^  3,.>  ^     -« H N^x  2^*3  /-^  ^^  =     -00016  99 

'  =  /  ^  3<»  =     -CiOtM  705  /-*-  1<>^>^  =      00000  51 

*/  =  /  -s-  5«XN)  =     "OtXX)  102  /  =     -05115  25 

^  =  5  +  c  +  <f  =     •«»70  010  which  is  correct 

,  =  «-».  =  2-0390  990  to  «Ten  places, 

or  lo  fixe  places  =  2<'391  0     which  is  correct. 

These  rules  are  deduced  from   the  relations,  first  that  the  number 
of  equal  Semitones  =s  tabular  logarithm  multiplied  bj  M,  where 

M  =  12  -I-  tab.  log  2  =  39-86314  nearly, 

=  40  -  (40 -^  300)  -  (1  -^  300)  -  (1  -*-  5000)  nearly; 

and  secondly,  that  the  tabular  logarithm  =  number  of  equal  Semitones 
multiplied  by 

S  =  tab.  log  2  -  12  =  ,V  X  (1  +  5^  +  „,i„). 

2.  For  very  great  accuracy,  which  is  occasionally  required,  we  must 
take 

S  =  -02508     58329    71998    43293     42 

M  =  39-863     13713    86483    48175 

and  actually  multiply  by  M  and  S  or  divide  and  multiply  by  S.  For  the 
last  process  the  following  table  of  multiples  of  S  will  be  useful.  It  is  at 
the  siime  time  a  table  of  the  tab.  log.  of  the  ratios  of  tlie  twelve  notea  of 
c<iual  temperament.  The  second  table  of  the  numbers  of  equal  Semitones 
corresponding  to  all  the  prime  numbers  under  Mtj  will  allow  of  the  cal- 
culation of  the  number  of  equal  semitoncfl  in  all  intervals,  up  to  the  50th 
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partial  tone  or  harmonic,  vrith  extreme  accuracy.     It  was  used  for  the 
calculations  in  Table  VI.,  A.  and  B. 


Eqiua 
Notes - 

1 

No.  of 
Mul- 
tiple. 

1 

'            Mnltiples  of  S=log.  2  -i-  13 
,  or  tab.  l3g.  of  the  ratios  of  the  12  notes 
of  Equal  Tempenuucot 

Prime 
Nos. 

Numbers    of    Equal    Semitones 
coi  responding    to   the   Prime 
numbers  nnder  60,  that  is,  in 
the   intervals   of   the   Partial 
Tones  thus  numbered. 

1 
C5 

;  D 

E 

F 
F5 
:     O 

:  05 

A 
A5 
'     B 
C 

1 
2 
3 

4 

5 
6 

7 
8 

9 
10 
11 
12 

•02508  68329  71998  43293  42 

*05017  16659  43996  86586  84 

•07525  74989  15995  29880  26 

10034  33318  87993  73173  68 

12542  91648  59992  16467  10 
*15051  49978  31990  59760  52 
•17560  08308  03989  03053  94 
•20068  66637  75987  46347  36 

•22577  24967  47985  89640  78 
•25085  83297  19984  32934  20 
•27594  41626  01982  76227  62 
•30102  99956  63981   19521  04 

• 

1 
2 
3 
5 

7 
11 
13 
17 

19 
23 
29 
31 

37 
41 
43 
47 

00 
120 

19  019  65000  86538  74178 
27*863  13713  86483  48176 

33-688  25906  46912  49290 
41-513  17942  36476  67075 
44-406  27661  76931  05925 
49049  56409  60040  72900 

60-975  13016  13230  25926 
54-282  74347  26841  54468 
68295  77194  15308  65449 
69*450  35672  46426  02506 

6251 3  44038  76473  97383 
64-290  62446  40483  75706 
651 15  17705  64261  75268 
66-666  06622  01816  48467 

The 
taioed 
by  S'? 
of  cho 
to  the 

Duml 

by  dii 

rithout 

cks  ad< 

last  fi 

«»  in  the  next  columns  wore  ob- 
riding  the  corresponding  tab.  log. 
.  any  contraction,  and  the  system 
>pted  leads  me  to  trust  the  result 
gure. 

D.  Fractions  of  a  comma  and  skhisma  and  multiples  of  a  comma  in 
tabular  logarithms  and  equal  Semitones,  to  facilitate  the  approximate 
estimation  of  small  intervals. 


• 

Comma 

Skhisma 

Comma  (only) 

Tab.  Log. 

Equal  Sem. 

Tab.  Log. 

Equal  Sem. 

Tab.  Log. 

Equal  Sem. 

1 

t 

1 

4 

•001  3488 

•05377 

•000  1225 

•00488 

iS 

•000  4906 

•01956 

-002  6976 

•10753 

•000  2451 

•00977 

1 

•000  9809 

03910 

-004  0464 

•16130 

•000  3676 

•01465 

u 

-001  4714 

•05866 

X 

•001  9618 

•07820 

\ 

-001  7983 

•07169 

-000  1634 

•00651 

V 

-002  4628 

•09776 

\ 

-003  5967 

•14338 

•000  3267 

-01302 

•002  0427 

•11730 

jC 

•008  4832 

•18686 

\ 

-001  0790 

•04301 

-000  0920 

•00391 

A 

•008  9236 

•15640 

-002  1580 

•08602 

•000  1840 

•00782 

X 

•004  4141 

17596 

S 

1 

-003  2370 

•12903 

•Oi»0  2760 

01178 

n 

*004  9046 

•19561 

-004  3160 

•17204 

-000  3680 

01664 

1 

•006  8960 

•21606    j 

\ 

•000  7707 

•03072 

•000  0700 

-00279 

2 

•010  7900 

•43012 

'  ? 

•001  5414 

•06146 

•000  1400 

-00558 

8 

•016  1860 

•64518 

002  3121 

•09217 

•000  2100 

•00837 

4 

•021  6800 

•86024 

i 

•003  0828 

•12289 

•000  2800 

•01116 

6 

026  9760 

107680 

I. 

•003  8535 

•15361 

•000  3500 

•01896 

6 

•032  3700 

1-29086 

■004  6243 

•18488 

•000  4200 

•01674 

7 

•037  7660 

1*60642 

■r  1 

8 

043  1600 

1-72048 

1 

005  3950 

•21506 

000  4901 

■01954 

9 

•048  6660 

1-93664 
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TABLE   II. 

VALUE,   NOMENCLATURE,   AND   NOTATION    OF    IXTEUVALS. 

See  Uie  Table  pp,  510-19,  and  alHo  Seciion  B,  p.  ^41,  and  Table  VL 

p.  76  ,  of  this  Appendix. 


I    '-^"-"/ScS" 


i.   TkBTIAN  IzfTBBTAU 

hnp^rfeei  Uuisom 


J^ual  Unison 

1  SkliivmA 

2  .  Diaskhismii,  or  low 

comma 
8   Comma 

4  Pjthagorean,  or  high 

comma 

5  Diesis 


0   )<•+     fBZ 
e  X4  +  ,    />bb 
0  x*  +  |   fe 
0  x«»     tt2?f 
0  +, 


82805^327608 

2048-1-2025 

t  = 

81-r80 

531441 -r  524288 
t</bb  tti- 

I       128-rl25 


Eqnal  Semitone 
6  Low  Sharp,  or  Small  Se- 
,      mitono 
j   7  Pj-thagiJTWin  I-ow  Semi- 
I      i      tonoC) 
;    8 'Sharp 


Semitones  or  Minor  Seconds 

Kqual  c  to  et 
0  x,  +  *    let 


\   9  Semitone  (•) 

>      i 

,  10  High  Sharp 

1 11   High  Semitone  (:) 


e   x*  + 

e   x» 

tf   x»  +  - 


}<;b 

cfb 

Nb 


25  +  24 

256 -7-243 

8  - 
1354-128 

ti«  = 
16  +  15 

n- 

2187-4-2048 

tfW- 
274-25 


1^ 
•000  4901    00195 

•004   0019  j  01955; 

•005  3950 1 0^1501 

•005  8851  'o-23460 

•010  3000  j  0-41009 


•025  0868  1 1 

017  7287    0-70673 


•022  6337 
•023  1238 
•028  0287 
•028  5188 
•033  4238 


0-902-25 
O-92170 
111731 
M3685 
1-33237 


Eqnal  Tone 
13  LowToneormiiKwTow 

■      (••)  m 

13  Tone    or    mi^   Tew 

'      (•••)  -I 

U   Low    augmented    Ten^ 

I A   Augmented  Tone  ( •'.  ^ 


Ttmes  or  M<!{jor  Seconds 

lO-rO 


Bqnnl  e  to  d 
*   x,+     \d 


e   x«  d 


94-8 

1254-108 

74-f64 


•050   1717  1  2 
•045  7575    1-82404 

•051   1526 
063  4862 


203910 
2-53076 


068  8813  1  2-74583 


NOTATION  OF  INTl^TAI^. 


... 

KU.B                   j            Eamvy 

n^. 

—  Is^a. 

Tkird, 

EqMl  minor  Thinl 

Equal  e 

toeb 

•076  2571   3 

EoTuJ  nuqor  Third 

Equal  0 

■100  3433    4 

16 

t<bb 

2SB-^23S 

■OfiS  0575   3-23463 

miDor  Third 

IT 

HighdtmiQisWThirdor 
high  flat  minor  Tliud 

0    >l'  + 

tt'bb 

U1-I-12IJ 

061  4525   3-44069 

ts 

PJrthneorenn  or  low  mi- 
nor Third  (  1  ) 

(|> 

32  +  27 

■073  7883,  2-94186 

19 

Minor  Third  (-) 

e  K  + 

t»b 

6+S 

-070  1BI3   3-15641 

30 

Major  ITurd 

6-i-l 

-096  9100.  8-86314 

31 

joiThudl  +  ) 

c   x» 

t« 

81-i-O* 

•102  3050   407820 

Fhvrllu 

Equal  diminithed  Fourth 

Equals 

tofb 

■100  S433 

4 

Equal  Foortli 

Equal  e 

to/ 

■136  4392 

5 

Equal  Tritons 

E^nal* 

to/H 

-150  6150 

e 

23 

high  Oat  Fourth 

0    +, 

t/b 

33+2S 

■107  2100 

4-37373 

33 

Fourth 

/ 

4  +  3 

-114  9387 

4-98046 

24 

High  Fourth 

C    x«  + 

V 

27t20 

-130  3338 

6-19552 

35 

low  abarp  Fourth 

iJt 

25+18 

■142  6876 

6-68717 

26 

Tritone  or  fiilso  FonrtJi 
or   aharp    Fourth    or 
'  pluperfect '  Foorth 

e   X    + 

A 

*5+33 

■148  0625 

6'90224 

Fir 

k$ 

Equal  dimiaiEbed  Fiilb 

EquaU 

togb 

-150  5150 

0 

EqnnI  Fifth     ■ 

Equal  e 

tag 

•176  8008 

7 

Equal  superfluOM  Fiah 

Equal  <: 

toffS 

■200  6887 

27 

Diminiahed  Fifth  or  flat 
Fifth 

JB 

64  +  45 

•152  9675 

800777 

38 

or  high  flat  Fifth 

c    «•*■ 

tjf 

36+2S 

-168  3625 

6-31283 

3S 

Low  Fifth 

e   11,+ 

t9 

40  +  27 

-170  69S3 

6-80449 

30 

Fifth 

g 

8  +  3 

-178  0813 

7-01955 

31 

■lutip  Fifth 

0   +' 

tst 

2S  +  I8 

-1S3  8100 

7-73627 

32 

High  Buperfluoua  Fifth 
or  aharp  Fifth 

c   «'  + 

gS 

405  +  256 

■196  3161 

7-94134 

8ut 

if 

1 

Equal  minor  Sixth 

Equal  e 

to  ah 

-200  8867 

8 

Equal  major  Siith 

Equal  c 

toa 

•226  7725 

9 

Equal  Buportluom  Sixth 

Equal  0 

to  OS 

'260  8583 

10 

33 

'^XT-"""^- 

at> 

128  +  81 

■198  7260 

7-93180 

31 

Minor  Siitb 

*  +1 

tab 

S+S 

-204  1200 

8-13697 

3fi 

Mqjor  Sixth 

e   x,+ 

a 

6  +  3 

■231  8487 

8-84359 

3a 

^th^rwmor    g   ma- 

0    x' 

t" 

27  +  16 

.227  2438 

9-05SS5 

87 

Snporflumia  Sixth  or  low 
iharp  Silth 

"  "•* 

t"! 

125  +  73 

239  5778 

956031 

38 

or  .harp  Sixth 

"■* 

"B 

22S  +  13S 

■244  8736 

0-78637 
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No. 


Name 


Example 


Butio 


Setenths 


Equal dimiaiHlied Seventh    Kquul  ctobbb 


Equal  minor  .Seventh 
I  Equal  major  Seventh 

39  Diminished  Seventh   or 
I    flat  minor  Seventh 

40  High  diminished  Seventh 

or    high    flat     minor 
Seventh 

41  Minor  Seventh 

42  '  High  minor  Seventh. 

43  1  Low  major  Seventh 

44  Major  Seventh 


Equal  c  to  fi\) 
E(pial  r  to  6 


c    y  .+ 


e 
c 
c 
c 


45 


x'  +  i 

X    + 


ibbb 
tfftbb 


hb 
fAb 

b 


128 -r  75 
216-M20 


16-f-9 

60-^27 
lo-i-8 


•225  7725 i  9 
250  8583  10 
•275  9441   11 
•232   1487  j  9  2.341 

•237  6488  '  9-469*J 


•249  8775  9  9608 
•255  2725  lO'llnQ 
•267  6062'10-6676 
•273  0013ilO-8826 


Octai't 


Equal  diminished  Octave    Fxiual  c  to  <fb 


46 
47 
48 
49 
oO 


Diminished    Octsive 
high  flat  OcUive 


or    <?    X  + 


fcT'b 


48  +  25 


•275  9441 
283   3013 


11 
11-2932 


ii.  Sbftimal  Intervals 
(See  p.  283,  note  2  ;  p.  2DC,  and  note  ;  p.  380,  and  p,  634,  note  ;  and  SecUon  D.  No.  4, p.  MO.) 


Supersecond 

Z<?  S'' 

d 

8-J-7 

■  Subminor  Third 

^sl 

eb 

7-^6 

1  Supermajor  Third 

Zc  2-^ 

t^ 

9-r-7 

Subfifth 

c  gx 

Zff\> 

7  +  5 

'  Subminor  Seventh 

1 

c  S  +  , 

gftb 

7  +  4 

•067 

9920 

23117 

•066 

9467 

2-6687 

•109 

1445 

4*3508 

•146 

1280 

5-8251 

•243 

0380 

9-6882 

-  ■ — 

.. 

iii.  NuMDBR  (IF  Intkbvals  in  an  Oltavk. 

An  Octave  contains — 

G 14-222  skhismaa  T,  No.  1. 
Gl*373  diaskhisnias  fj^,  No.  2. 
55*798  commas  f,  No.  3. 
51 '151  Pythagorean  commas  ^f,  No.  4. 
29-226  dieses  ftlk-  ^o.  5. 
lG-980  low  sharps  J« ,  No.  C 
13-300  low  Semitones  {')  or  %n ,  No.  7. 
13-018  sharps  ff,  No.  8. 
12000  equal  Semitones. 
10*757  diatonic  Semitones  (.)  or  tjk^,  No.  0, 
10-555  high  sharps  f^,  No.  10. 

9006  high  Semitones  (:)  orfti^,  No.  11. 

G-579  minor  Tones  (..),  No.  12. 

G-000  equal  Tones. 

5*885  major  Tones  (. . .),  No.  13. 

4*742  low  augmented  Tones  (*.•),  No.  14. 

4-370  augmented  Tones  (.'.),  No.  15. 


Tabtk  hi.  a.  quintal  SCALES.  749 


TABLE    III. 

SCALES   OF    QUINTAL    AND   TEUTIAN    HARMONY. 

See  Section  D.  of  this  Appendix,  pp.  6C0-GG5. 

See  Notation  of  Intervals  at  beginning  of  Section  B.  p.  G44. 

A.  Five-Fifths  Scales,  Quintal,  Gaelic,  and  C/nnese, 

(See  pp.  398-403,  CGO  ) 

5  .  C  .  I.  Fifths     cxgxdxfaxfe 

Scale      c . . .  d . .  .'\e  \  y ...  fa  |  c'. 

This  is  No.  4  of  p.  399.  The  example  No.  4  on  p.  402  is  in  5.  F.  1, 
V'th  the  Fifrhs  f  x  c  x  g  X  d  x  fa-  This  may  be  reduced  to  harmony 
in  the  same  way  as  7  .  C  .  1,     7  .  C  .  2,     or  7  .  C  .  3. 

5  .  C  .  2.  Fifths     fxcxgxdxfa. 

Scale     c . ,  .d  | /. . . ^ . . .  t<*  |  c\ 

This  is  No.  1  of  p.  399.  The  example  No.  1  on  p.  400  is  in  5.  D.  2,  with 
the  Fifths,  g  X  d  X  fa  X  fe  X  fb.  This  may  be  reduced  to  harmony  in 
the  same  way  as  7  .  C  .  2,     7  .  C  .  3,     7  .  C  .  4. 

5  .  C  .  3.         Fifths     bb  xfxcxgxd 

Scale      c ,,,d  \f.,.g  |  bb  . . . c'. 

This  is  No.  3  of  p.  399.  The  example  No.  3  on  p.  401  is  in  5.  E.  3,  with 
the  Fifths  Jd  x  a  x  e  x  b  X  f 5 .  This  may  be  reduced  to  harmony  in 
the  same  way  as  7  .  C  .  3,     7  .  C  .  4,     7  .  C  .  5. 

5  .  C  .  4.  Fifths     eb  xbb  xfxcxg 

Scale      c  \  €b  . . ./.  ,.g  |  ib  . . .  c'. 

This  is  No.  2  of  p.  399.  The  example  No.  2  on  p.  401  is  in  5.  D.  4,  with 
the  Fifths  fxcxgxdxfa  Tliis  may  be  reduced  to  harmony  in 
the  same  way  as  7  .  C  .  4,     7  .  C  .  5,     7  .  C  .  G. 

5  .  C  .  5.  Fifths     ab   X  eb  X  bb   X  f  X  c 

Scale      c  I  t'b  . .  .y*  I  ab  . . .  ib . . .  c'. 

This  is  No.  5  of  p.  399.  The  example  No.  5  on  p.  402,  when  rendered 
pure  by  using  b'  for  c"J  ,  is  in  5.  F5  .  5,  with  the  Fifths  Jd  x  a  x  e  x  b  x  ft. 
The  intioduction  of  a  sixth  Fifth  c8  in  the  example,  to  serve  as  a  leading 
note  to  Jd,  is  a  mere  modem  error,  and  destroys  the  character  of  the  music. 
This  may  be  reduced  to  harmony  in  the  same  way  as  7  .  G  .  5,  7  .  C  .  6, 
or  7  .  C  .  7. 
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B.  Seven-Fifths  Scales,  Quintal,  Greek. 

Made  harmonic  by  flattening  or  sharpening  some  tones  bj  a  comma  or  two. 
Glarean^s  forms  are  all  tempered.     See  pp.  403-427,  661. 

No.  1,  No.  2y  &c.,  refer  to  division  C.  of  this  Table,  p.  752. 

7  .  C  .  1.     Fifths    c  X  g  X  d  X  fa  X  fe  X  tb  X  ff t 

Scale    c. . .  J . . .  f^ . . . \ft '  ^ . . .  fa . . .  f 3  *  c'. 

Hypolydian  or  Sjntonoljdian,  p.  411.  Mode  of  the  Fifth,  p.  413. 
Rejected  as  unmelodic,  and  not  found  in  use,  p.  418.  Direct  harmonic 
form  No.  1 ;  other  forms  Nos.  34,  46,  51.  These  are  some  just  fonns 
of  Glarean*s  Lydian, 

7  .  C  .  2.     Fifths    fxcxgxdxfaxt^xtb 

Scale     c...  J...t« '/•••^•••t«'»-«t^  '  c' 

Lydian,  pp.  41 1.  Mode  of  the  First,  Major,  p.  413.  Direct  harmonic 
forms  No.  3.  Other  forms  Nos.  29,  48,  53.  These  are  just  forms  of 
Glarean*s  Ionic, 

7  .  C  .  3.    Fifths    bbxfxcxgxdxfaxt© 

Scale      c...rf...t«  ^  f,..g...fa  '  ftb  ...c. 

Hypophrygian  or  Ionic,  pp.  41 1  and  413.  Direct  harmonic  form  No.  5, 
which  on  p.  422  is  called  the  mode  of  the  Fourth ;  other  forms  No.  31, 
(which  is  Uie  form  adopted  on  pp.  461  and  480),  and  Nos.  43,  55.  On  p.  459 
the  two  forms,  Nos.  5  and  31,  are  amalgamated  (see  p.  460,  noto).  These 
are  just  forms  of  Glarean^s  Mixolydian,   It  is  the  Arabic  Uschak  of  p.  433. 

7  .  C  .  4.     Fifths    eb  xbb  xfxcxgxdxfa 

Scale     c,.,d^  e^  ,,.f...g  ...'\a^  hb .  ..cf, 

Phrygian,  of  pp.  411  and  413.  Direct  harmonic  forms,  No.  7. 
Other  forms  are  Nos.  33,  45,  50.  These  arejust  forms  of  Glarean's  Doric 
No.  45  is  considered  the  regular  form  of  the  mode  of  the  minor  Seventh, 
being  No.  4  of  p.  421  and  No.  3  of  p.  461.  In  No.  3,  p.  459,  we  have 
two  forms  assigned,  amounting  to  Nos.  33  and  45. 

7  .  C  .  5.    Fifths    ab  xeb  xbb  xfxcxgxd 

Scale     c.d  '  tfb.../. ..^  *  ab,..ftb.,,  c'. 

Eypodoric,  Eolic  or  Locrian,  of  pp.  411  and  413.  The  direct  harmo- 
nic form  is  No.  2.  Other  forms  are  Nos.  35,  47,  52.  These  are  just 
forms  of  Glarean's  Eolic,  No.  52  or  mode  of  the  minor  Third  is  No.  3  of 
pp.  421  and  480.  In  No.  4  of  p.  460,  Nos.  47  and  52  are  amalgamated. 
Arabic  Newa,  p.  433. 
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7  .  C  .  6.     Fifths    Jdb  xabxebXbbxfx  cxg 

Scale     c  *  J(i  . . .  tf b . . . /*. . .  ^  '  ab . . .  ^b .  •  •  c'. 

Doric  J  of  pp.  411  and  413.  The  direct  harmonic  form  is  No.  4.  Other 
forms  are  Nos.  30,  49,  54.  These  are  just  forms  of  GIarean*s  Phrygian. 
No.  4  is  the  form  adopted  in  No.  5,  of  p.  461,  for  the  mode  of  the  minor 
Sixth,  but  in  No.  5,  of  p.  460,  this  form  is  amalgamated  with  No.  54,  which 
is  adopted  as  No.  7  of  p.  422  for  the  same  mode  of  the  minor  Sixth.  On 
p.  473  we  have  again  an  amalgamated  form,  as  either  A  mimipi  or  C 
mat^ma.  But  in  the  harmony  mentioned  on  p.  478  we  have  a  tetrachor- 
dal  ambiguous  scale,  the  A  mimipf-ma,  of  Section  D.,  VIIL,  of  this  table 
(p.  758),  which  has  no  foundation  in  the  original  Greek  scale  of  7.  fE.  6. 

7  .  C  .  7.     Fifths    Jgb  X  Jdb  X  ab  X  eb  X  bb  X  f  X  c  , 

Scale     c  '  J<ib  . . . « b . . ./  *  J^b . . .  ab . . .  &b  . . .  c . 

Mixolydian^  of  pp.  411  and  413.  The  direct  harmonic  form  is  No.  6. 
Other  forms  are  Nos.  32,  44,  56.  These  are  some  other  just  forms  of 
Glarean*s  Lydian.  This  is  called  the  mode  of  the  minor  Second  by  Pro- 
fessor Helmholtz,  and  rejected  as  immelodic,  p.  418.  Arabic  Buselik, 
p.  433. 

The  Chinese  12  Zu  (p.  713  note)  were  used  for  5  and  7  Fifths  scales  only. 
The  Arabic  and  Persian  17  tones  (pp.  432,  note  3)  may  be  arranged  thus 

tGb  |Db  Ab  Eb  Bb    F      C  G  D        fA       fE 

tiC       tiG       tiD       iA       kE     iB 
=  ||Dbb    |Abb     |Ebb    tBbb    |Fb   |Cb 

They  then  form  12  tones  in  fluccessiye  Fifths,  some  being  lowered  by  a  Pythagorean 
comma  f^.  The  scales  of  p.  435,  note,  may  then  be  rearranged  thns,  with  the  tones 
in  order  of  Fifths.  The  *  marks  a  conjectural  alteration  of  Kiesewetter^s  notes,  and 
for  the  small  letter  his  Arabic  form  is  selected.  The  letters  in  parenthesis  shew  the 
four  cases  in  which  two  forms  of  the  Fifth  are  given.  The  symbol  incloses  in  a 
parenthesis  the  numbers  of  the  lowered  Fifths,  and,  when  one  number  is  accented,  the 
Fifth  appears  in  both  forms. 


Name 

Symbol 

Notes  in  order  of  Fifths 

1.  Uschak 

2.  Newa 

3.  Buselik 

4.  Rast* 

10.  Iszfahan 

5.  Husseini 

8.  Sengule 

11.  Biisiirg 

6.  Hidshaf 

7.  Rahewi* 

9.  Imk 

12.  Zirfifkcnd* 

7.Bb 
7.Ab 
7.tGb 

7(6,7).  Bb 
7(3',6.7).Bb 
7(6,7) .  Ab 

7(4,6,7) .  Bb 
7(3',4,6,7) .  F 
7(5,6.7) .  Eb 

7(4,5.6,7) .  Bb 
7(3',4,5,6,7).Bb 
7(3',4,r,,6,7) .  F 

Bb    F        C            G      D      fA      fE 

Ab    Eb     Bb         F       G        G        D 

tOb  t^b     Ab         Eb    Bb      F        G 

Bb    F        G            G      D      J^A      ^e* 

Bb    F  (tiC  G)       G      D      J^A      ILE 
Ab     Eb      Bb          F      G    tftG   X\p 

Bb    F        G       tiG^      D     iA      LE 
F      G  (t^G  G)  .  y)    tA      LE     jJb 
Eb    Bb      F            G  ty)   tto     iA 

Bb    F        G       t^G  ty)     ^A*   iE 
Bb    F(tLGG)   tJ^G  }LD     ^A      LE 
F       C  C^G  G)  JtD    iA      l^c*    £b 

^1 


i 
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B.  Seven-Fijtht  Scaia,  Quiittal,  Or 

Uide  luTTnonic  by  flattening  or  aharpeniog  some  tonci 
Glarcan'e  forms  arc  all  tempered.     See  pp.  40 

No.  1,  No.  2,  &c.,  Tcfei  to  dinsion  C.  of  tbu ' 


7  .  C  . 

1.     FifthB 
Sols 

oxgxdxfxt. 
c...ii...t<...VI'j 

Rejected  oa 
form  No.  1 
of  Gloretui'B 

unmolodic,  and  not  tmmi  in  nv 
otlier  forms  Nos.  34,  46,  51. 
Lsdian. 

7  .  C  . 

2.     Fifth. 
Scsle 

Ixoxgxd 
e...i(...t.V 

£jnfian,pp.411.     ModeoftheFir  A.    T 

fonuB  No.  3.    Other  fonaa  No*  2r  .) 

Glareao'a  Ionic 

7  .  C  .  S.    Fiftha    bbxfx        f.t«b...t* 
Scale     e...d.      ^JbmofT.C.e. 

Hypophrygianotlataia,  pp. 
wHch  on  p.  422  is  called  the      ./,..?-••**  •■•"' 
(which  ia  the  form  adopted  or  j^-    g^,  tal  f.  US,  ud 
the  two  Ibrnw,  Nos.  5  and  ? ^'fitt^  *•  ***  "■* 
are  jnst  forms  of  Glarean's  f 


7  .  C  .  4.     Fifth. 

Scale 

Phryijian,    of  Yp-i 
Other  forms  are  No^, 
No.  45  is 
being  No. 
two  forms  asBignej 

7.0.8. 


Et/podoric 
nic  form  is  !' 
forma  of  G!i^' 
•pp.  ill  an  A"" 
Arkbi 


consiiler'     M^  li^f 
4  of  p.       *'  r'^k«™o»i': 
ign^ 


mnie  ten  of  7 .  C .  7. 


+  Ml  —  ao  +  (I*  - 
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lY.  MiMiVA.     Chorda. 

/I  —  rc  I  /a  —  /o  +  do  —  mo  +  «o  +  ti  —  re  |/a  —  fo. 
22.  G  pimima. 

c  ...  d.  \e\>r,ft  .g  ...  fa  .  fbb  ..  cf. 
28.  £  timima. 

c  .-.  JrfJ  .  e  ...ft  .  g  ..  a  ..,  h  .  &, 

24.  C  mipima. 

c  ..,  d  .  feb  ..  f ...  g  ,  fab  .'.  b  ,  &. 

(The  •  instrumental    minor  scale  of  p.  442 ;  the  •  modem '  awjonding  minor  scale 

of  p.  465.) 

25.  A  mitima. 

c  . .  Xd  .. .  e  .f.',  J^I  ,  a  . .,  b  .  c\ 

26.  F  miinip4. 

c  .  db  ,\  e  .f...  g  .  fab  . .  bb  . , ,  c'. 

27.  Db  mimitd. 

c  .  db  . ,.  t^*'  .  ffb  ..  gb  ..\  fab  . .  fbbb  .-.c'. 

28.  Bb  mimiqud. 

c  .  db  ..  eb  ,,.  f.  gb  ,\  a  .  bb  ., ,  (/. 

y.  Mamami.     Chords. 

/o  +  re  I  /a  +  /a  -  do  +  mi  —  «o  —  to  +  r«  I  ya  +  la. 

29.  G  pdmami. 

c  . . .  d  . .  e  :  ff . .  g  . . .  fa  . .  b  .  &. 
(An  harmonic  form  of  7 .  C .  2.) 

80.  tEb  tdmami. 

c  :  fdb  . .  !«*> . . .  t/  . .  ^  .  fci^  . . .  t^b  . .  c\ 
(An  harmonic  form  of  7 .  C .  6.) 

81.  C  mapdmi. 

c...d..€.f,,,g,,a'.  fbb  . .  c'. 
(An  harmonic  form  of  7  .  C.  3.     The  mode  of  the  Fourth  of  pp.  461  «    1  -aq 

82.  t^    matdmi. 

c  .  db  . . .  feb  ../:  fgb  ...  fab  ...  f^b  . .  c/. 
(An  harmonic  form  of  7 . C. 7.) 


\ 
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83.  F  mamapf. 

c  . .  Jrf  :  feb  ../...  g  ,.  a  ,  bb  ,,,  c. 

(Ad  harmonic  form  of  7 .  C .  4.    No.  6  of  p.  422,  and  there  considered  as  a  yariant  of 

the  mode  of  the  minor  Seyenth.    See  No.  45.) 

34.  ;(D  inam<iti. 

c  . .  Jrf  . . .  «  . .  jyj  .  J^  . . .  a  . .  {ft  :  (/. 
(An  harmonic  form  of  7  .  G .  1.) 

35.  Bb  mamaqui. 

c  ..  }c? .  «b  .../..  J^' :  t^b  ..  ftb  . ..  c'. 
(An  harmonic  form  of  7  .  C .  5.) 

VI.  MiMAMi.     Chords. 

to  4-  rtf  I  /a  —  /o  +  do  +  mi  —  «o  —  to  +  r«  |  /a  —lo, 

36.  G  plmami. 

c  .. .  d  ,  |cb  . . .  ty . .  ^  . . .  fa  . .  ft  .  (/, 

37.  E  timami. 

c  . . .  d  , .  e  . . .  fZ  . .  ^gU  .  a  . . .  ft  .  c'. 

38.  C  mipdmi. 

c  ...  rf  ..«./...  ^  .'jab  .. .  \h\>  ..(/. 

39.  tAb  mitdmi. 

c  .  rfb  . . .  t«*>  .  f/^  . . .  '\gb  . .  \a)>  . . .  fftb  . .  (/ 

40.  F  mimapi. 

c  .  db  . . .  |cb  ,.f,,.g,.a.b\>,,,(/, 

41.  {D  mimatL 

c  . .  {c? . . .  «  . .  J/5  .  J^  . . .  a  .  ftb  . . .  (/. 

42.  Bb  mimaquL 

c  ..  Jd  .  tfb  .../.  ^b  ...  fab  . .  ftb  . . .  </. 

VII.  Mamimi.     Chords. 

to  +  r«  1  /a  +  to  +  do  —  mo  +  «o  —  to  +  re  I  /a  +  /a. 

4^.  G  pdmimi. 

c  .,.  d  ..  e  :  Xf ,.  g  ,..  fa  .  tftb  ..  c/. 

(An  harmonic  form  of  7  .  C .  3.) 
8  c2 
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44.  fEb  tdrnimi. 

(An  harmonic  form  of  7  .  C .  7.) 

45.  C  mapfmi. 

c  . , ,  d  .  fcb  ,,  f , , ,  g  , ,  a  :  "fib  . .  c'. 

(An  harmonic  form  of  7 .  C .  4.    No.  4  of  p.  421,  mode  of  the  minor  SeTenth  of  f 

without  the  leading  tone  of  p.  469.) 

46.  Amatimi. 

c  • .  "^d  ,  • .  €  .,  1^/1 :  g  , ,  a  . , ,  b  »  &, 
(An  harmonic  form  of  7 .  C .  1.) 

47.  F  mamipf. 

c  .•  "^d  :  feb  . . y . . .  ^  .  fab  . .  ftb  . . .  c'. 
(An  harmonic  form  of  7 .  C .  5.) 

48.  }D  mamiti. 

c  . .  }(f  . . .  ^  •  y . .  ^  . . .  a  . .  "^b  :  d, 
(An  harmonic  form  of  7 . 0 .  2.) 

49.  Bb  mamiquf. 

c  ,db  ..  «b  .../..  ^  :  ^ab  ..  ftb  ...  c'. 
(An  harmonic  form  of  7  .  C  .  6.) 

Vlir.  MiMiMi.     Chords. 

/o  +  rtf  I  /a  —  /o  +  rfo  —  f?io  +  50  —  to  +  r«  I  /a  —  lo. 

50.  G  pimimi. 

c  . . .  fZ  .  t«b  ...  \f ,,  g  .,*\a  ,\bb  .,  c', 
(An  harmonic  form  of  7  .  C  .  4.) 

51.  E  timimi. 

c  . . .  d  , ,  6  . .  .yK  .^..a...&.c. 
(An  harmonic  form  of  7  .  C  .  1.) 

52.  C  mipimi. 

c  , . .  d  .  f tf b  ,,f,,,g,  ^ab  . . .  fib  . .  c'. 

(An  harmonic  form  of  7  .  C  .  6.    No.  3  of  p.  421,  mode  of  the  minor  third   of  t> 

ordinary  form  of  the  descending  minor  scale.)  ^* 

53.  A  mitlmi. 

c  ,  ,\d  ,. .  e  ,f .,,  g  ,.  a  ...  b  ,  c. 
(An  harmonic  form  of  7  .  C .  2.) 
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54.  F  mimipi. 

c  ,  db  ...  fcb  ,./,,,  g  ,  fab  ,,  bb  , , ,  c\ 

(An  harmonic  form  of  7  •  C .  6.  No.  7  of  p.  422,  the  mode  of  the  minor  Sixth  of  pp.  453, 

461,  473-478.) 

55.  JD  mimiti. 

(An  harmonic  form  of  7  .  C .  3.) 

56.  Bb  mimiqui. 

c  ,  db  .,  eb  ,.,/,  gb  ,,.  fab  ,,  bb  ,,,  c'. 
(An  harmonic  form  of  7  .  0 .  7.) 


D.  Tetrachordal  Scales^  Tertian^  Modem. 

See  p.  667. 

To  indicate  the  fourth  triad  add  ma-  or  mi"  to  beginning,  and  -mi  or 
^ma  to  any  trichordal.  Use  seven  consecutive  tones  forming  Thirds,  as 
the  scale. 

I.  MA  —  1  r  —  MA 

>  HAMAMA  < 

MI  —  J  \  —  MI 

1.  Ex.  C  rna-mapdma, 

bb-hjd  —  f+a  —  c  +  e  —  gH-b—  d. 

The  first  7  tones  give  C  mamapd  or  F  mapdma,  last  7  tones  give  C  ma- 
pdma.  The  intermediate  7  give  the  tetrachordal  scale,  which  is  also 
A  mitimij  No.  53  above. 

2.  Ex.  C  mapdma-mi, 

f+a-c  +  e-g  +  b-d-t^H-  fa. 

First  7  tones  give  C  mapdma  ;  last  7  give  G  miipami  or  C  pdmami. 
The  intermediate  7  give  the  new  tetrachordal  scale, 

c  , . .  d  . .  e:  ff . .  g . ,  a . , .  b  ,  c'. 
II.  MA  —  1  f  —  MA 

t«  +  ra-  1   .   _  /         ^       »"■-  »o  +  "■-'•«(  ^  ^  I  i' 
ta  —  ro+j-'  i  —  JO  +  U. 
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in.   MA  -  1  /  -  MA 

MI   —  /  *"*"  \  —  MI 


IV.   MA  -  1  r  -  MA 

}  MIMIMA  < 
MI    —    f  I   —  MI 


_    ^  MIMIMA  <   _ 

Ex.  A  mipimd'fna. 

The  first  7  of  the  above  notes  give  E  mimipd,  the  last  7  give  E  mipdm 
the  intermediate  7  give  the  new  tetrachordal  scale  with  3  semitones  ai 
2  augmented  tones. 

MI  —  J  \  —  MI 

VI.    MA  -   1  f   ~  MA 

M,  -  j  «'«*^'  (  _  MI 

« 

VII.  MA  -  1  r  - 

MI    —     f  MAMIMI  <   _ 

/a  +  ra  -.  1   .         ^^       ^^  _  ^       ^^  _  1   -f.  ^  _  /^ 

fa-ro  +  r     ^  J-fo-^le. 

VIII.  MA-  1  r  -  MA 

>  MIMIMI   < 
MI  —  /  \  —  MI 

Ex.  A  mimipi'tna 

The  first  7  of  the  above  tones  give  E  mimipi^  the  last  7  give  E  minima 
the  intermediate  7  give  the  new  tetrachordal  scale  : 

e.f,.,g.,a,.,b,&.',  Jc?'5  .  e\ 
taken  as  a  variation  of  the  mode  of  the  minor  Sixth  on  p.  478. 

\  


—  MA 

MI 


Table  IV. 


LIMITS  OF   DUODENATION. 


1. 


TABLE  IV. 

LIMITS  OF   DUODENATION  AND  NUMBER   OF   TONES. 

See  Section  E,  pp.  668-671. 

L        n.     ni.    IV.    V.       VI. 

2.  3.  4.         5.         6.        7.  8. 


9. 


m 


n 


P 
9 


r 

8 
t 
U 


w 

X 


y 


tt+Bbb       ttDb        ttF 
tttEbb      ttGb        t1B!j 


tfA       tC<     tE«       G5jf       B;j( 
tD       tFJ      tAJ       C%%       E« 


tttAbb 


t+Dbb 

tta;>b 


ttCbb 
ttFbb 
t'Bhbb 

ttEbbb 


ttAbbb 
tDbbb 


tGbbb 


ttCb 

ttFb 
ttBbb 

ttE'Jb 

ttAbb 

tDbb 

tGbb 

tCbb 
tFbb 

tBbbb 

tfEb 

to 

tB 

DJ 

r« 

A«« 

ttAb 
I    tDb 

tOb 
tCb 
tFo 
tBbb 

tEbb 
tAbb 

to 

tF 

tE 

tA 

B« 

:f5« 

}BJ 

tBb 

tEb 

tAb 

Db 

D 
G 
C 
F 

F| 
B 
E 
A 

Gb 
Cb 

Bb 
Eb 

Dbb 

Fb 

Ab 

to 

tE 

UOir 

|g$i< 


tc«« 


:f«« 

;B#jf 


}ES« 
{AiJ 


t 


rrBi 


tCbbb       tEbbb 


Obb 


Bbb  }Db   tP    tA    t:<^'«     t:E5 


The  tones  in  the  imall  central  oblong  form  the  duodene  of  which  C  is 
root.  The  tones  in  the  large  central  oblong  form  all  the  duodenes  >vl 
have  at  least  one  tone  in  common  with  the  central  duodene  of  C,  fonr 
the  limits  of  radical  duodcnation  from  C. 

The  complete  Table  of  117  tones  contains  all  the  70  duodenes  wl 
have  at  least  one  tone  in  common  with  original  duodenes  w^hose  roots 
tones  in  the  duodene  of  C,  forming  the  limits  of  general  i-adical  duodenat 

The  48  tones  in  columns  I.  to  VI.,  between  tlie  dotted  lines,  are  tl 
considered  sufficient  for  instruments  with  fixed  tones  in  skhistic  or  iinequ 
just  intonation,  and  are  further  treated  in  the  middle  section  of  Table 

This  is  the  first  table  of  moduktions  adapted  to  Just  Intonation  i 
lias  yet  been  constructed.  By  omitting  the  marks  t,  J,  it  reduces  to  a  ti 
of  modulations  for  tempered  music.  Compare  Gottfried  Weber's  Verh 
finer  geonineten  Theoiie  der  Tonsetzkunsi,  1830-2,  vol.  ii.  §  180,  p. 
for  e<iual  temperament,  and  M.  Emile  Cheve's  theoretical  appendix 
Mnic.  Chcve*8  work,  p.  327  (supra  p.  038,  n.  2),  for  his  cycle  of  29. 
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XIX 


TABLE  V. 

SiHJSnC  TOXES  AND  THEIR    StKOSTTMS. 

See  pp.  652,  675. 

The  Bynonyms  are  printed  in  small  letters ;  the  top  sections  of  columns 
II.  to  VI.  are  sjnoiiyms  to  the  middle  sections  of  coluuuui  I.  to  V.  resptrc- 
tivelj ;  sind  the  l^ttr>m  sections  of  columns  I.  to  V.  are  the  synonyms  of 
the  middle  sections  of  columns  II.  to  VI.  respectively.  Bj  omitting  the 
signs  +,  $,  and  placing  bars  over  or  under  the  letters,  as  shown  by  those 
over  or  under  the  upper  column  numerals  L  and  VI.,  the  notation  mil 
VK-conic  that  of  Ilerr  von  Oettingen  (see  p.  425,  note),  and  by  prefixing  an 
inverted  acute  accent  in  place  of  putting  a  bar  over,  and  prefixing  an  in- 
verted grave  accent  instead  of  placing  a  bar  under  (as  in  Mr.  Bosanquel's 
notatic  n)  we  obtain  a  typographically  convenient  substitute  for  Herr  von 
Oettingcn's  notation,  having  the  advantage  of  being  applicable  to  the  staff 
notation.  This  is  shown  by  the  marks  prefixed  to  the  lower  column 
nunu-rals.     See  pp.  695,  7C4. 


I. 


.2   1    'M 

II 


1/  — 


o 
H 


4' 

It 
8/ 


^    I .)//» 


IfAb 
IDb 
tOb 
t^'b 

tl'b 
tHbb 
tKbb 
fAbb 


n. 


III. 


ttoJ 

ith 

tta 
td 


n 


I. 


to 

tF 

fBb 

tKb 

fAb 
Db 
Ob 
Cb 


ilbb 

fb 

Kbb 

bbb 

ebb 

ebb 

fbb 

ahb 

bbbb 

Jdbb 

i-bbb 

:^bb 

iibbb 

;ybb 
::fbb 

tdbbb 

JI. 


tthJ 

tf.ff 

ttaJ 
fdff 

tgff 
tc5 

th 


ftb 

Jdb 

t«b 

job 

tfb 

tl)bb 

Jebb 

Jabb 

III. 


lY. 


fdffj 
tg5  5 

tbj 
d« 


.c 


Y. 


tf«5« 
th«« 

d«« 
gS8 
c«« 

fss 


tE 

GJ 

tA 

^'« 

D 

Fff 

0 

B 

C 

E 

F 

A 

Bb 

;    tD 

Kb 

\    ^^ 

VI. 


dS8  8 
gSSS 
c9SS 
fSSS 

ess 
as  8 


JBSS 

JOSS 

:cstt 
tFss 

tAS 
ttDJT 


\ 


2b» 
.4w 


...  I 


I  8a 


Hi 

126 
36 
46 
56 

—  66 

—  ',76 

—  86 


wv 


VI. 


Tabu  VI.  A. 


JUST  AND  TEMPERED  INTONATION. 
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TABLE  VL 


JUST  AND  TEMPERED   INTONATION  COMPARED. 

A.  Elements  of  Calculations  of  the  division  B.  in  this  Table. 


1.  For  Logarithms. 


Tone 

Jost 

SkhiBtio 

Pythagoras 

Skhiamic 

Boeanqoet 

Mean 

Huyghena 

C 

•0 

•0 

•0 

•0 

•0 

•0 

•0 

D  051  1525  061  03001051   1525;051  1525 

•061   1183 

•048  4550 

•048  6532 

E 

•096  9100(096  9100  102  3050  096  4199,096  5568 

•096  9100' 

•097  1065 

F 

•124  9387  125  0000:124  9387.124  9387'l24  9568 

•126  2876 

•126  2384 

G 

•176  0913  176  0300  176  0913  176  0913.176  0741 

•174  7426 

•174  7916 

,        A 

•221  8487-221  9100!227  2438*221  3586  221  5126 

•223  1975 

•223  3448 

B 

1 

1 

•273  0013 

•272  9400 

•278  3963 

•272  5112 

•272  6309 

•271  6526 

•271  8981 

1 

%   000  4901 

•0 

•006  8851 

•0 

•0 

-010  3000 

-•009  7106 

t,006  3950,005  1500  0 

•006  885i;o05  6798 

•0 

•0 

tti'OlO  7901  010  3000,0 

•Oil  7702  Oil  3596 

•0 

•0 

ttt 

•016  1851  016  4500|0 

•017  6663  017  0394 

•0 

•0 

n 

•023  1238  022  9400  028  5188 

r 

•022  6337 

•022  7192 

•010  0775 

•019  4213 

IS 

•016  2476;045  8800i057  0376I-045  2674 

•046  4384 

•038  1550 

•038  8426 

S8S 

•069  3714  068  8200  086  6664,067  9011 ^068  1576 

1                  1 

•067  2326 

•068  2639 

2.  For  Equal  Semitones. 


1 

Tone         Just 

Skhistic 

Pythagoras 

Skhismio 

Bosanqoet 

Mean 

Hnyghens 

C     00 

00 

00 

00 

00 

0-0 

00 

D  ,  203910 

203422 

203910 

203910 

2-03774 

1-93167 

193548 

£  -  3-86314 

3-86314 

407820 

3-84360 

384906 

386314 

387097 

F     4'98()45 

4-98289 

4-98046 

4-98045 

4-98113 

5-03422 

5-03226 

G     701965 

701711 

701966 

7-01956 

701887 

696579 

696774 

A     884359 

8-84603 

905865 

8-82405 

883019 

8-89736 

890323 

B  10-88269 

1088026 

1109776 

10-86316 

1086702 

10-82893 

10-83871 

C  120 

120 

r20 

120 

120 

120 

120 

1           ! 

^     001 954 

0-0 

1 

1  0-23460 

00 

00 

-0-41069 

-0-38710 

'        t     021506 

0-20630 

'  00 

023460 

0-22642 

00 

00           1 

1       t+     0-43013 

0-41059 

'  00 

0-46920 

0-45283 

00 

00 

ttt     0-64519 

1 

061589 

,  0-0 

0  70380 

0-67925 

00 

00 

1            ' 

8    0-92179 

091447 

1  13685 

090226 

090566 

0-76060 

0-77419 

5  5     1-84357 

1-82894 

227370 

180450 

1-81132 

1-62099 

1  64838 

■555    2-76.)36 

2-74341 

3410d6 

170675 

2-71698 

328149 

2-32367 

1 
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Afp.  XIX. 


For  the  notes  in  Bosanquct's  cycle  the  notation  is  here  assumed  to  be 
the  same  as  that  of  the  next  adjacent  skhismic  notes  in  division  B.     Tlie 
above  data  result  immediately  from  the  conditions  of  the  ajtAana  as  ^wn 
in  section  C.     To  find  the  logarithm  or  number  of  equid  aemiumes  for 
any  other  note,  add  the  values  against  the  letters  and  against  f,  I ;  and 
for  },  b  subtract  the  values  against  f  8.     The  pitch  of  any  note  in  tiie 
following  Table  B  can  thus  be  separately  calculated  and  its  xalne  diae 
verified.    Differences  will  inevitably  occiur  in  the  last  {^aces  of  deczmak,  but 
they  are  of  no  importance.     Table  I.  enables  the  calculation  to  be  w«*^*  ix 
logarithms  to  twenty  places  of  decimals  and  for  equal  semitones  to  KTcnna 
places  of  decimals.     The  cycles  may  also  be  calculated  by  takimr  imihqila 
of  the  values  of  one  degree  in  each  cycle.     To  ten  places  of  daamils  ve 
find  for 


One  degree  of  the  Cycle  of 


Bxpreased  in  Logarithms 


iK-agBHil 


002508  58330  =  log  2 -hi 2    1    1-0  =  ll-s-l* 

000971  06450  =  log  2 -h 31    !    OXSTI*  CTTC^lsijl 
0  00567  98112  =  log2-h53        0^53641  ^(l{»4&  =  l!!<a-aS 


The  logarithms  for  equal  temperament  are  g;iTefi  i£>  xv€miT-Two  pWi» 
of  decimals  in  Table  L  C.  p.  745. 

As  few  ears  distinguish  intervals  of  less  than  lia]f  a  <^'Vr^qw««  -^  jam- 
bers  of  ei]u:)l  semitones  need  not  practicallj  exoeed  r«*c  juaosE  of  ^^"'tt^^. 
and  hence  the  second  set  of  values  given  above  oaanr  lic^  enxwrnoBOsh  it- 
duooii  to  tlie  following  approximate,  but  practical  bficKosif^  sndliji&.  mn&der 
of  oi]ual  semitones  in  the  principal  theoretical  imansdnn^ 


Tone 

i   Jost  ; 

Skliistic 

P>-thagoras 

B^ManSr 

a«^ 

«« 

DAJtjtlll^ 

^qm. 

c 

;  00   1 

00 

00 

0-0 

<^* 

♦••1 

r-< 

(• 

I> 

2  04 

203 

204 

2-04 

t-hi 

-  i;! 

^•i*a 

«i 

E 

3-86 

386 

408 

3*84 

i-i.^ 

i^i 

^i^ 

4 

F 

4  98  i 

4-98 

4-98 

4^8 

l-W- 

i'tK 

^-•ij 

h 

G 

7  02 

702 

702 

7^ 

Tlii 

i'fT 

rf'<r 

A 

8  84  1 

8-85 

906 

8-82 

f-«. 

*m 

Y"*^ 

L 

B 

10  88  : 

10-88 

1110 

10-86 

10-KT 

J*>L' 

!•  -S* 

-  - 

0 

.  120 

120 

120 

12-« 

liW. 

:li:i 

lr-« 

^.-4 

1     •" 

'        02 

00 

023 

00 

<»-<• 

-^          A  *  _         * 

— lah 

1 

t 

•22 

•21 

00 

0-23 

0"2J. 

«*-< 

•*t 

ft 

8 

•92 

•91 

114 

0-90 

v-a: 

••T» 

<"T* 

B.  JuHt  and  Tempered  Tonea,  exprefl^d  in  Mhnoica^    l^xan^^:^  lu» 

SeiiiitoncH,  and  Logarithms,  h.  oTiiprr  «v  TSt^. 

Column  fjoijarifhrn,  Thia  cuLomn  contaiiv  th<  icsi?«ri£aji^  xt  ^^^^ 
places  of  di'cimaJH)  nl'Uin  ratio  of  the  viiiminina  mwn»w^:  f.  an-  tojii  a  mt 
following  colfininw,  Ut  llin  vibrationa]  uiini*^r  -*:   i  .  ^     f^Ji*^   j:    ^^  ^saan 
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Octave.  The  initial  decimal  point  is  omitted.  The  first  three  places  are 
not  repeated  as  long  as  all  of  them  remain  unaltered. 

The  sixth  and  seventh  places  are  added  to  show  the  mathematical 
divisions  and  to  enable  us  to  obtain  the  five  first  places  correctly  under  all 
circumstances  of  accumulated  intervals.  They  have  no  acoustic  value, 
and  tones  separated  only  by  them  are  appreciably  identical. 

The  difference  of  two  logarithms  shews  the  interval  between  the  corre- 
sponding tones,  which  can  be  immediately  found  in  this  Table  as  an  inter- 
val from  C,  or,  with  its  name  and  actual  ratio,  for  just  tones,  in  Table  II. 
When  not  there,  the  number  corresponding  to  this  difference  in  a  table  of 
logarithms,  gives  the  ratio  of  the  vibrational  numbers  of  the  tones  forming 
that  interval. 

Ck>lumn  Just,  This  column  contains  every  just  tone  mentioned  in 
Tables  IV.  and  V.,  together  with  the  unevenly  numbered  partial  tones  of 
C  up  to  the  47th  reduced  to  the  same  Octave,  each  placed  in  a  line  with 
its  logarithm.  The  Capital  Letters  (either  Eoman  or  Italic)  indicate  the 
72  tones  in  lines  j9  to  a?,  together  with  the  3  tones  in  col.  1,  lines  /,  w,  n, 
and  the  2  tones  in  col.  9,  lines  ^,  z  of  Table  IV.,  or  77  tones  in  all,  which 
are  all  those  necessary  to  play  Table  IV.  in  practically  just  intonation 
(p.  656).  The  Italic  Capitals  represent  the  48  tones  in  the  middle 
section  of  Table  V.,  that  is,  all  the  tones  considered  generally  necessary  in 
practically  just  intonation.  The  Roman  small  letters  give  the  other  40 
tones  of  Table  IV.,  and  the  Italic  small  letters  those  55  other  tones  of 
Table  V.  which  do  not  occur  in  Table  FV.  A  tone  written  as  a  small  letter 
will  be  found  to  be  sharper  or  flatter  than  some  tone  written  as  a  capital 
by  not  more  than  a  skhisma  (H  of  Table  I.),  and  will,  in  practically  just 
intonation,  be  played  as  that  adjacent  tone.  The  simple  figures  refer  to 
the  number  of  the  partial  tone,  reduced  to  the  same  Octave  with  the 
other  notes.  There  are  16  of  these  (namely,  the  7,  11,  13,  17,  19,  21, 
23,  29,  31,  83,  35,  37,  39,  41,  43,  and  47th  partial  tones)  which  do 
not  refer  to  any  of  the  tones  previously  mentioned,  and  only  8  (namely, 
the  1,  3,  5,  9,  15,  25,  27,  and  45th  partial  tones)  which  do.  The  total 
number  of  tones  m  this  column  is  therefore  188,  namely,  the  77  tones 
of  practically  just  intonation,  the  95  played  as  synonyms,  and  the  16 
partial  tones  (below  the  48th)  not  used  in  tertian  harmony. 

Column  Schistic,  This  column  also  contains  all  the  tones  mentioned 
in  Tables  IV.  and  V.,  supposing  the  intonation  to  be  skhistic  (p.  652), 
and  hence  shews  their  close  approximation  to  the  just  tones  which  they 
represent.  The  capitals  have  the  same  range  as  before.  But  the  tones 
in  small  letters,  which  in  practically  just  intonation  were  merely  played  as 
those  in  capitals,  now  become  actually  identical  with  those  tones ;  so  tliat 
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if  ekhistic  intonation  cotild  be  easily  produced  in  practice,  there  woi 

no  inequality  in  the  intonation. 

Column  Pythagoras.  This  column  contains  a  series  of  57  tones,  fon 
56  perfect  Fifths  with  each  other  as  in  Seven-Fifths  or  Pythagorean  sc 
Table  III.  p.  750 ;  the  capitals  point  out  the  17  tones  of  the  Arabic  u 
pp.  432,  751,  and  the  small  letters  the  others.  The  number  of  U 
has  been  chosen  in  reference  to  the  cycle  of  63.  Obaerve  that 
logarithms  for  the  four  tones,  bbbbbb,  fbbbb,  cb  b  b  b,  gbbbb,  di 
only  by  '000  9069,  and  the  number  of  equal  Semitones  only 
•03615  from  those  of  d5  «  5 ,  a«  «  « ,  e«  5  5 ,  and  b«  5  5 ,  respectively;  co 
pare  the  equations  on  p.  657.  Observe  that  generally  a  tone  in  Bosanqw 
cycle  of  53  comes  close  to  one  of  these  of  Pythagoras,  and  that  in  tin 
four  cases,  answering  to  Bosanquet^s  Nos.  28,  6,  87,  and  15  respective 
they  come  between  the  two  exceptionally  close  Pythagorean  tones. 

Column  Skhismic.  Here  the  skhismic  intonation  causes  similar  ide 
tifications  of  tones  to  those  in  the  skhistic  column,  and  the  capitals  bai 
similar  meanings ;  but  each  skhismic  tone  is  the  same  as  a  Pythagores 
tone,  with  the  name  changed,  so  as  to  make  a  descent  of  8  Fifths  (wh< 
reduced  to  the  same  Octave  by  rising  5  Octaves),  the  same  as  an  aacei 
of  a  major  Third.  It  is  thus  seen  how  very  close  the  skhismic  intonatic 
is  to  that  of  Bosanquet^s  cycle. 

Column  BosanqueU     The  cycle  of  53,  which  Mr.  Bosanquet  has  mac 

his  own  (p.  655),  is  so  nearly  identical  with  the  skhismic  system  tb 

advantage  has  been  taken  of  the  circumstance  to  introduce  Mr.  Bosanquet 

own  notation  in  place  of  mine,  which  would  in  each  case  be  identical  with  tl 

nearest    skhismic  note,  presenting  the  same  identities  in  53   cases,  an 

in  the  4  cases  corresponding  to  Bosanquet's  Nos.  6,  15    28   37  makin 

all  the  tones  identical  which  Bosanquet's  tones  divide.      Thus  Bosanquet 

No.  C  would  be  my  }}c«  =  JBU  5  =  fDb  b,  for  his  cycle,  which  may  I 

verified  by  the  data  in  p.  761.     Mr.  Bosanquet  makes  c  his  No  4     Tl 

tones  are  divided  into  groups  of  12,  each  tone  having   the  same  nan 

and  synonyms  as  in  equal  intonation,  but  in  the  present  column  only  tha 

printed  in  capitals  in  the  column  Equal  are  used,  and  the  other  names (n 

the  tones  of  coiu-se)  must  be  supplied  from  that  column  according?  to  tl 

principles  explained  on  p.  694.     The  degree-marks   represent  the  elevi 

tion  or  depression  of  a  tone  by  one  division  corresponding  to  one  comn 

of  that  cycle.     Hence  on  continuing  the  number  of  tones  to  84  ^      *    tl 

Table)    instead   of   53,   certain   identities  will   arise.       Th  d    titi 

depend  on  the  fact  that  in  this  cycle  a  major  tone  consists  of  9         dm 

and  that  4    commas  above  c  iscff  =  db,  which   is   tl-io*-^*^ 

,    1       ,      rr,, .        ,  *       1.         J        ,  ^"eretore   o  comm 

below  d.     This  makes  ,,,c  ==  c5  =  db ,  and  ,,,,^db  =  d,  whence  as     destr 
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each  other,  ,jC  =  ^^db  as  in  No.  6,  and  „db  =  ^^^d  as  in  No.  10,  and  so  on 
in  all  cases.  Mr.  Bosanquet  uses  these  marks  in  the  staff  notation  also. 
When  Mr.  Bosanquet's  notation  is  applied  to  other  temperaments  which 
are  not  cyclical,  no  such  identities  occur,  and  when  applied  to  other 
cyclical  temperaments  the  identities  follow  other  laws  which  must  be 
determined  for  each  temperament  separately. 

Ck>lumn8  Mean  and  Huyghens,  The  mean  tone  temperament  is  here 
given  to  35  tones  (7  naturals,  7  sharps,  7  flat**,  7  double  sharps,  and  7 
double  flats)  instead  of  the  usual  27  (including  only  3  double  sharps  and 
3  double  flats),  for  comparison  with  Huyghens*s  cycle  of  31.  It  will  be 
seen  that  the  logarithms  of  the  mean  tones  bS  8 ,  dS  8  ,  eS  8 ,  a8  8  differ 
from  those  of  the  mean  tones  dbb,fbb,  gbb,  ebb  by  '001  5225,  and 
the  numbers  of  equal  semitones  by  '06068,  while  Huyghens's  pairs  are 
identical,  as  Nos.  1,  9, 14, 27  respectively.  Mr.  Satmders's  '  tilting  action ' 
(p.  659)  enables  24  tones  of  this  temperament  to  be  played  with  the  usual 
fingering ;  and  Mr.  Bosanquet^s  generalised  keyboard  is  applicable  with 
great  ease  to  play  Huyghens's  cycle ;  see  section  G,  No.  1 5,  p.  694,  and 
Table  IX.,  p.  794. 

Column  Equal,  The  12  tones  of  the  equal  temperament  are  here 
given  with  their  synonyms,  the  names  in  capitals  are  those  used  in  the  col. 
Bosanquet^  but  are  there  always  supposed  to  represent  any  one  of  the 
synonyms  in  this  column.  Between  these  tones,  which  have  their  number  of 
Semitones  prefixed,  is  placed,  in  a  line  with  each  logarithm,  the  number  of 
equal  Semitones  which  it  represents,  so  that  the  pitch  of  any  tone  mentioned 
in  this  table  can  be  read  off  either  as  a  logarithm  or  as  a  number  of  equal 
Semitones.  The  numbers  are  given  to  five  places  of  decimals,  but  prac- 
tically two  places  suflice ;  see  p.  762.  The  differences  between  two 
such  numbers  of  equal  semitones  give  the  niunbers  of  equal  semitones 
in  the  corresponding  intervals. 

Column  Vibi^aitons.  To  facilitate  the  calculation  of  beats  and  com- 
binational tones  this  column  contains  the  vibrational  number  of  each  note 
in  the  Octave  &  to  c",  for  &  =  264,  the  theoretical  pitch  used  throughout 
the  text  The  whole  series  is  readily  found  by  logarithms  for  any  other 
value  of  &.  But  for  c'  =  256,  the  English  theoretical  pitch,  subtract  -^^ 
part ;  that  is,  divide  the  number  in  the  table  by  3  and  the  quotient  by  11, 
and  subtract  the  last  quotient  from  the  tabular  number.  Thus  for 
just  Db  =  281-6,  i  of  281-6  =  93-8666,  ^\oi  93*8666  =  8  5333,  and 
281-6  -  8-5333  =  2730666,  the  value  of  Db  when  C  =  256.  To  find  the 
numerical  value  of  the  ratio  of  any  pitch  to  any  other,  divide  the  vibra- 
tional numbers.  To  find  the  numerical  value  of  the  ratio  of  any  pitch  to 
that  of  </  =  264  =  3x11x8,  divide  by  3,  then  11,  and  then  8 ;  thus 
for  Db  it  is  i of 85333  =  10666. 
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co 

00 

CO 

C4 

C4 

eo 

C9 

M  04 
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Afp.  S 


I 


I 


^  a>  t^  ooxa»099»oica»co 

COOCOO  OOOOO'COOC^'O-*' 

aoo»^  c»coooao^«ooc4>o 

Or-4  ^OCO         t^        OOA 

oo  ooo      c      oo 


tocoooc^QOeootoco 

•         •  •  •  «  •  *  ^^       a 


"<i*»  »o 


kO  >o 


«o 


a»  -<•  oo  t» 

QO    ^    ^  »« 

•  •  •  ~ 

«o  to 


oo 
o  <o 

•  • 

« 


CO 

•        • 

r»ao 


r,' 


f 


I 

s 


kO^»0  oHO^bo^^O^OOCO  C00^'««*0t«»l>>i-^0 

»0^t^  kCOiOCQC'lOC^-^'^  OOOCOOOOt^OObO 

Qooo  c<)cooO'-i<Meot>-ao  u3aoo»Oco«««cooOf-t 

ooo  Nc^c^weoeoeoeoeo  ^^^*o«o*0'«o«o<o 


O  Oft  oo  ^1  t«^ 

•^  •o  o>  r-  ^  o 

»o  eo  ^  ^  "«»•  ^ 

CD  »»  oo  O  O  d 

«»  r«  i»  r»  CO  00 


o 


r4e« 


•a 


I     i   I 


o 


I    :  I    i  !    M    :     1:1:1:1: 


1:1:1 


CO 


:o 
I 


ti 
S 
» 


I         i       I 


t   H    :  I    : 


I    :  I    i  I    Ms  I        :   I    :   I    i  I 


•  o 


cr 


lo   I 


o 
II 

CO 


:  I    :  I    :^:  I    :      I    :  I    i  l-^M   I        :-^  :  M  I 


c* 


CO 


:  x^ 

•o 


:  I    i  i    :  1^1 


I    :  I 


m 


•1:1 


2  . 

I    :  I 


pq 


•a 


I    i  I    :  I 


I    :  I 


I  M    :  I 


I    :   I    :  I 


S 


:  I  S  I    :  I    :  I  « 


A    • 


Tf 


*        I      »       I 


5 

1    :^:| 


Xk 
Xk 


I 


I    i^      :  I 


^ 
O  <« 


a 


x^ 

Xk 

cop 


O  »^  CO 

ooo 

O  rH  O 
O  CO  CO 


oo 

1-4 

»^ 

00 

C9 

C9 

^oOOCO'^OiOOO 
0DNOf-i«-'Op-«»0O 
OO-^OOOOOCOOO 
OOftOCOb-OOICOiO 


CO 
00 


t^  o  o 

r-4   <0  O 


CO  b»  -i***  O  O  -^ 
^O  O)  ^^  O)  ^^  O) 

^Ooa)»ot>-coeor^ 
O4c4coooo&)b»eo 


«•«  •o 

»^co 

o 

o 

rH 

00  00 

00  00 

00 

o 

o 

w  o« 

c«  ei 

o 

« 

w 

Zi  J2  £2  2S  ^ -^     CO  CO  I 

**^  CO  QD  QO  viH  CO        *0  O  ' 

*0  CO  ^^  —  I 

Oft 

CI 


Oft 
04 


o  o< 
CO  ee  I 
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C.  Absolute  Pitch. 
Given  the  vibrational  number  of  any  tone,  just  or  tempered,  to  find 
the  vibrational  number  of  the  corresponding  C  in  the  same  Octave.  Find 
the  log.  of  the  given  number  by  a  table  of  logarithms,  subtract  the  log. 
opposite  the  given  tone  in  (B),  the  result  is  the  log.  of  the  vibrational 
number  of  C.     Example,  given  the  vibrational  number  of  a!  =  440. 


Just 

SkhiBtic 

Skhismic 

Bosaii'inet 

Hean 

Hayghens 

Bqual 

log  440     2-613  4^27 
log  for  «'   -221  8487 

log  ^        2-421  6O40 
d          264-000 

2-643  4ft27 
•221  9100 

2  648  4527 
•221  3.^86 

2-643  4527 
-221  5126 

2-648  4527 
•2*23  1975 

2-643  4527 
•223  3448 

2-648  4527 
•225  77-25 

S-421  5427 
263-962 

2*422  0941 
264*298 

2-421  9401 
364-204 

3  420  2552 
868*181 

3-4*i0  1079 
368-093 

3*417  6802 
261  -626 

Having  found  log.  C  in  any  Octave,  add  that  to  the  log.  for  any  tone  in  (B), 
and  the  result  is  the  log.  of  the  vibrational  number  of  that  tone  in  that  Octave. 

The  folIowiDg  are  Scheibler^s  determinations  (the  most  accurate 
known)  of  the  exact  vibrational  numbers  of  the  tones  of  cd  timing-forks. 
(*  Tonmesscr,*  p.  52,  a.d.  1834.)  He  selected  440  as  the  best  for  singers 
and  instruments,  and  that  is  adopted  in  this  work,  where  the  intonation  is 
assumed  to  be  just.  It  was  also  intended  to  be  selected  by  the  Society  of 
Arts  in  England  for  orchestral  use,  but  instead  of  taking  d  s=  440,  which, 
as  above  shewn,  would  give  for  the  orchestral  equal  temperament, 
d  =  261*626,  the  Society  assumed  that  d  would  be  =  264,  as  in 
just  intonation,  and  hence  gave  a  pitch  2*374  vibrations  sharper  than 
Scheibler's  for  c',  and  3*993  sharper  for  a'.  This  raised  the  whole  pitch 
by  the  interval  between  equally  tempered  a'  and  just  a',  that  is,  -j^  of  a 
comma,  or  '15630  equal  Semitones.     See  p.  26,  note  2. 

The  last  columns  of  the  following  lists  have  been  calculated  for  this 
table,  and  shew  the  logarithm  and  the  number  of  equal  Semitones  for  the 
interval  by  which  each  pitch  is  sharper  (marked  5  )  or  flatter  (marked  b  ) 
than  Scheibler's  selected  pitch  of  a'  =  440. 


No.  1.  French  Opera,  Academy  of  Music,    a's= 
No.  2.        „         „       (most  trustworthy) 
No.  3.  French  Conservatoire,   Concerts,   Ita- 
lian Opera 
No.  4.  French  Conservatoire,    Concerts,   Ita- 
lian Opera 
No.  6.  French  Conservatoire  (older  fork) 
Berlin  Orchestra  (best  obtained :  these  forks 
vary  by  3  or  4  vibrations) 
I.  Vienna  Orchestra 
II. 
III. 
IV. 

V,        „  „  (most  trustworthy) 

VI.        „  „  ("  an  excrescence ") 


It 


tt 


tf 


If 


Vibrations 

Logarithms 

Equal  Sem. 

426-75 

b    013  2792 

b  '52934 

433-76 

b  -006  1532 

b    24529 

434-95 

b    005  0134 

b  '19986 

4407 

t  -000  6904 

t  -02753 

43505 

b    004  9135 

b    19587 

441*625 

t    001  6010 

t  -06382 

433  665 

b  -006  2983 

b  -25107 

436-335 

b    003  6326 

b    14481 

439-15 

b  '000  8398 

b  -03348 

44010 

8    000  0987 

t  -00394  1 

440-87 

t  -000  8578  1 1  -03419 

444-87 

S  -003  7804    t    15070 
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App.SI 


In  the  Journal  of  the  Society  of  Arta,  6  June,  1860,  vol.  8,  pp.  51! 
foil.,  the  following  pitches  are  given,  the  two  last  colunms  being  addedi 
before : 


Vibratfona  I     IfOgmritbms 


Handel's  tuning  fork,  abont  1740,  a' » 

Philharmonic  Society,  1812-42 

French  Diapason  Normal,  1859 

Stuttgard  Congress,  1834  (Scheibler's  pitch) 

Italian  Opera,  London,  1859 


416 
433 
435 
440 
465 


BqnaJte 


b 

024  3594 

bO"«71« 

b 

•006  9648 

bO^Si 

b 

•004  9634 

b  0-197^ 

0 

0 

n 

•014  5587 

to-sm 

The  theoretical  English  pitch  c'=:256,  gives 


>    Just 

1 

Skhistio 

Skhismio 

Boaanqaet 

Mean 

Hnygbens 

^'' 

a"^    426} 

1 

426-727 

426185 

426-336 

427-994 

428149 

! 

As  Handel  used  mean  intonation,  his  a'  =  416  impHed  c's  243*816. 
Those  of  the  following  pitches  of  a',  which  are  older  than  1800  dioul^ 
probably  be  thus  estimated.  They  are  reduced  fix>in  the  report  of  the 
French  commission,  1  Feb.  1859,  as  given  in  Journal  of  Society  o£M 
vol.  7^  pp.  492-8,  the  two  last  colunms  being  added  as  before. 


Place  and  Year 


Paris,  Grand  Opera 

1699 

1704 

1713 

1810 

1823 

1830 

1836-9 

1858 
Berlin 

1752 

1806-14 

1823 

1830 

1834 

1858 
Saint  Petersburgh 

1796 

1858 
Turin 


Obeenrer 


Vibrations 


Sauveur  a'  =» 

ft 

If 
Drouet 
Fischer 
Drouet 
Delezenne 
Libsajous 

Marpurg 

Wieprecht  (the   English 
equal  theoretical  pitch) 
Fischer 
Wieprecht 
Scheibler  (as  before) 
Wieprecht 

Sarti^ 
Lissajous 


1845 

Delesenne 

1858 

Lissajous 

Milan 

1845 

Delezenne 

1856 

Lissfijous 

404 
405-3 

405-85 
423 

431-35 
435-75 
441 

448 

421-875 
430-5 

437-32 
440 

441*625 
45075 

436 
451-5 

440 
444-75 

446-57 
450-3 


Logaxiihms 


b 

b 

b 

b 

b 

b 

S 

t 


•037 
•035 
•035 
•017 
•008 
•004 
•002 
•007 


0713 
6761 
0871 
1123 
6229 
2153 
9859 
8253 


b  •OlS  2689 
b  009  4795 

b  -002  6534 
0 

n   001  6010 

8  -010  4880 

b  -003  9662 
«  -Oil  2051 


t   ^004  6683 

t   •OOO  4368 
n    010  0492 


BijoalSK, 


1-47771; 

1-422201 
1-S^i 

0-34^1 
0-168Ui 
0-039311 

o-3im 

0-72826 
0-37789 

0-10578 

0 
0-06383 
0*41789 

0*15811 
0*44666 


8  0-18589 

80-25660 
8  0*40059 
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;•  Hence  to  determine  the  absolute  pitch  of  the  notes  in  a  piece  of  music, 
^  it  is  necessary  to  prefix,  first,  the  name  of  the  system  of  intonation,  and 
leeondlj,  the  yibrational  number  of  ofie  note.  The  vibrational  numbers 
-^  of  the  other  notes  must  be  calculated  as  above  for  all  the  other  tones  on 
^  that  given  system,  otherwise  great  errors  will  be  committed. 

IP       D.  Examination  of  the  two  Consonant  Tria^  in  Just  and  Tempered 
W  Intonation. 

li         The  triads   taken    are  (/  +  «'  —  ^',   and   &  —  fe'b  +  (/,   with   root 

—  c'  =  2C4.     The  numbers  of  beats  and  the  differential  tones  and  their  beats 
will  differ  for  each  variation  in  the  root  of  the  triad,  and  may  be  calcu- 

-  lated  separately  by  the  vibrational  numbers  in  B,  col.  Vibrations,  or  be 
(t  deduced  by  multiplying  the  following  numbers  by  the  pitch  of  the  new 
'     root  and  dividing  by  264  =  3  x  11  x  8.     The  intonations  are  arranged 

in  the  order  of  perfection  resulting  from  the  subsequent  examination.  The 
colunm  Unequal  refers  to  those  imperfect  chords  which  occur  in  prac- 
tically just  intonation  (p.  657),  arising  from  using  the  five  imperfect  Fifths, 
•fC  to  tAb  b,  tE  to  Cb,  G«  to  Eb,  B«  to  $G,  and  $D«  «  to  $B,  which  are 
each  one  skhisma  too  flat,  in  place  of  the  perfect  Fifths  fC  x  fCr,  fE  x  fB, 
GS  X  DS ,  BS   X  FS  8 ,  ^t  t  X  AS  S ,  generating  eight  imperfect  triads, 

4  Major  and  4  Minor 

to  tE  tAbb,     G«     B«       Eb,  fE  fAbb  Cb,       B«       Eb  JG, 

tE     G«  Cb,       B«  JD««  $G,  G«   Cb     Eb,     JD««  JG   JB, 

but  as  none  of  these  have  the  root  C,  they  are  not  suited  for  comparison 
with  the  others.  Hence  the  triads  of  </  c'  a'bb,  and  cf  '\ef\>  a'\>\>  have  been 
formed,  in  which  a'bb  is  considered  as  a  falsely  tuned  g^.  It  must  be 
remembered  that  there  are  only  4  major  and  4  minor  chords  of  this 
kind  in  practically  just  intonation,  so  that  the  comparison  is  thus  made 
between  the  general  character  of  the  other  intonations,  and  the  exceptional 
errors  of  this  particular  intonation,  which  for  all  its  35  other  major,  and 
85  other  minor  triads  is  absolutely  just. 

In  the  following  table  (p.  782)  the  first  division  (a)  gives  the  vibra- 
tional numbers  of  the  notes  employed,  the  second  division  (b)  gives  the 
various  intervals  two  and  two — that  is  the  dyads — which  occur  in  all  three 
positions  of  each  triad,  namely,  in  c'+  e'  —  //',  c'  —  .7'  x  1  c",  ^r'  x  j  c"  +  c", 
and  cf—  \ef^  +  ^,  \efb  +  g^  x^d'y  ^  X  1  c"—  \e!'\>y  and  gives  the  number 
of  the  beats  they  produce  in  a  second,  while  the  third  division  (c)  gives 
the  differential  notes  generated  by  their  primes.  In  the  position  &-{-  e'—g^ 
the  differential  tones  of  the  dyads  d  •\-  e'  and  c'  —  ^,  and  in  the  position 
^  X  I  c"  +  e"  those  of  the  dyads  ^  x  ,  c"  and  c"  +  e",  beat  perceptibly, 
and  these  beats  are  given  in  the  fourth  division  (d). 
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Aft 


i 


!■ 


ir 


i 


d 


-I     t«'b 
-I      / 


5 
f 

i 

3 

e 

f 


Dyada 

C'  +  IJ' 

^-/ 

Vb+// 
t^'b-.c" 

^  +  iKb 


c'  +  f' 

^-^ 
f'  +  .c" 

c'-t^^'b 
c/'-ie^b 


Jnst 


o 

1 

1 

1 

1 

i 

i 

c 

1 

J 

1 

? 

t3 

n 

? 

a 

H 

I? 


(a)     Vibratumal  Numbert  of  the  Notes  used. 


264 
316-8 
330 
396 


264      *I264        ,264         {264         }264 
316-765 316-8     317045,317158  315-817 


330 
395-044 


330 


329-732!329-628  330 


395*553,305-984i396 


264        {264 

316-710313-9 

d30142|332-6: 


394*772.394-817i395-5; 


(b)    BeaU  of  the  Dyads  contained  in  the  Triads. 


0 
0 
0 

0 
0 

0 
0 

0 
0 

0 
0 


0 
0 
0-112 

0 
0 
0-894 

0-28 
0 

2-235 
0 

0224 
0-28 

1-788 
2-235 

0-224 
0-448 

0 
0 

0 
0-224 

1-788 
0 

0 

3-676 

1071 
2-142 
0032 

1-528 
2144 

0064 
1-528 

1-226 
2-450 

1-289 
1-225 


1-488 
2-976 
0 

2-232 
2-976 

0 
2-232 

1-79 
3-58 

1-79 
1-79 

3-58 


0 
0 
2-4561 

6-14 
0 

4-912 
6  14 


4-915 
9-83 

0 
4-915 

0 


0-568    10-4i 


1136 
2-366 

7-767 
1136 

4-732 
6-767 

5-45 
10-90 

0-718 
5-45 

1-436 


20-9< 
0-8S 

17-95 
20-96 

1-78 
17-95 

14-24 
28-49 

12-46 
14-24, 

24-91 


(c)    Differential  Tones  generated  by  these  Dt/ads. 


C-. 

c- 

C 

9- 

c  •■ 
c'- 


66 
132 
132 

:    66 

:198 

132 
264 


Hb 
t^b 


=   52-8 
=  105  6 


t(f'b  +/     t^b  =   70-2 
tt''b-,c"    t«t>  =211-2 


^•<-iKb 


FoRition 


t^b  =237-6 


66  I  66 
132  1132 
131-944  131-653 


65-944 
198 


65  553 
198 


65  7321  66-628i  66 
131-464,131-256132 


131-984;i32 


130-772 


132-056|132-447|132  016  132 
264-056  264-447  263*480  263-256 


152755 
106-510 

79-180 
211-245 


52-8 
105-6 

78  753 
211-2 


237-566  236-047 


66-252'  66-372;  64-772 
198  268198-372198 


133-228 
265-228 


53*0451  53045    61-817 
106000106-316  103-634 


66-1421  68-621 
132-248  137  24( 


130-817 

64-675 
197-851 

1331 83 


131*55; 

6293- 
1 76-38< 

132-44: 


265-467  269-68: 


51-710 


49-95 


78-939    78842 


78-956 


210  956  210-842  212  183 


103-420|  99-90: 

79-107    81-60: 
212-290  214-041 


238-862  238-316,236-862i236-608  282-34 


(d)    Beats  of  the  Differential  Tones  in  the  Triads. 


0 
0 


0-056 
0056 


0*447 
0-447 

0520 
0-552 

0-744 
0-744 

1-228 
1-228 

1-421 
0835 

569 
4-79 
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1)  Just  Intwiation  stands  quite  alone,  characterised  by  entire  absence 
of  beats  (in  the  middle  parts  of  the  scale),  and  by  differential  tones  which 
belong  to  the  harmony  (with  the  exception  of  those  from  one  interval  in 
each  position  of  the  minor  triad). 

2)  Skhistic  Intonation  stands  next  to  just,  characterised  by  absence  of 
beats  for  the  major  Third  and  minor  Sixth;  by  such  extremely  slow 
beats  in  other  cases  that  they  could  be  perceptible  only  in  the  highest 
Octaves ;  and  by  differential  tones  so  slightly  different  from  the  correct 
tones  that  the  error  could  scarcely  be  noticed  even  if  the  tuner  should 
succeed  in  making  it  precisely ;  the  beats  of  these  tones  are  also  quite 
imperceptible. 

3)  Unequal  Intonation  (applying  only  to  the  4  imperfect  major 
and  4  imperfect  minor  triads  of  practically  just  intonation)  seems  to 
stand  midway  between  skhistic  and  Bosanquet's;  it  is  certainly  not  worse 
than  the  last,  and  it  is  certainly  not  equal  to  the  former;  but  inas- 
much as  all  the  other  35  major  and  35  minor  triads  formed  with 
the  48  just  tones  of  the  middle  section  of  Table  V.,  are  absolutely 
just,  while  every  corresponding  major  and  minor  triad  of  these  two  other 
intonations  have  hxUta  quite  comparable  with  those  of  this  unequal  in- 
tonation, and  the  faults  of  all  three  intonations  are  so  slight  that  the  tran- 
sition from  such  a  faulty  triad  to  a  just  triad  and  conversely,  if  noticed  at 
all,  would  not  be  annoying  to  the  ear ;  it  would  seem  that  practically  just 
intonation  as  a  whole  is  fully  equal  to  skhistic,  if  not  even  superior  to  it, 
a  fortunate  circumstance  considering  how  much  easier  it  is  for  the  tuner 
to  approximate  decently  to  this  than  to  any  other  kind  of  intonation. 

4)  Bosanquefs  IntonatioUy  characterised  by  slowly  beating  major  and 
minor  Thirds,  and  practically  no  beats  of  the  Fourth  and  Fifth,  with 
scarcely  perceptible  errors  and  beats  of  the  differential  tones,  is  decidedly 
the  best  of  the  practicable  cyclic  temperaments,  and  where  it  is  desirable 
to  modulate  infinitely  in  all  directions,  stands  first ;  when,  however^  an 
instrument  is  not  arranged  to  play  more  than  48  out  of  its  53  tones,  it  is 
slightly  inferior  to  practically  just  intonation. 

4')  Practical  Cyclic  Intonation  (p.  658,  14a)  seems  to  belong  here. 

5 )  Skhistnic  Intonation  exaggerates  the  errors  of  the  Thirds  in  Bo- 
sanquet^s,  of  which  it  is  simply  a  worsened  form,  without  any  redeeming 
character,  and  it  would  be  almost  quite  as  difiicult  to  tune ;  its  value  is 
purely  historical. 

5')  Skhismo- Cyclic  Intonation  (p.  658,  14b)  would  not  be  worse  than 
skhismic  but  for  the  variability  of  its  major  Thirds,  and  may  probably  be 
placed  here. 

6)  Mean  Intonation,  characterised  by  strong  beats  of  the  Fiflhs, 
Fourths,  minor  Thirds,  and  major  Sixths,  and  by  the  absence  of  beats  in 
the  major  Thirds  and  minor  Sixths,  is  decidedly  the  best  of  the  commatic 
systems,  though  far  inferior  in  every  respect  to  the  preceding  intonations. 
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The  beats  of  the  differential  tonea   are    very    distinct   in  the  poaitifln 
c'  +  «'  —  ^,  and  serve   even  as    a    verification    for    the   tuner,    fix 
major  triads  have  not  a  bad  effect ;    the   minor  triads  are  veiy  JianL 
Dr.    Robert  Smith,  in  his  '  Harmonics,    or    the    Philosophj  of  Muaol 
Sounds,'  p.  37,  2nd  ed.  1759,  sajs, '  This  is  usnaUj  caUed  the  vulgar  tem- 
perament,' adding  that  Salinas  (1513-90)   claims  to  have  discovered  the 
reason  of  this  temperament  which  he  f  omid  at  Rome,  and  that  Zarlino 
(1519-90)  published  it  soon  after ;  and  also  adds  that  Dechales  calls  Guido 
d'Arezzo  (xi  th  century)  its  inventor,  <  but  that  opinion  wants  confinM- 
tion,  especially  as  Dechales  makes  no  mention  of  the  claims  of  Zarlino  and 
Salinas  to  it.'     In  my  paper  on  Temperament  (see  p.  641)  I  have  ahewD 
that  this  system  is  decidedly  superior  to  Dr.  Smith's  own  temperament  of 
'  Equal  Harmony,'  a  commatic  system  (p.  649)  for  which  the  major  Sitii 
and  Fifth  beat  equally  and  in  opposite  directions,  and  log.  V= -174  5927. 

7)  Huyghena'  Intonation  is  slightly  inferior  to  the  ikst  in  every  re- 
spect, except  in  power  to  modulate  infinitely  in  all  directions ;  for  which 
it  is  the  first  of  the  commatic  cycles,  and  only  inferior  to  Bosanquet'a 

8)  Equal  Intonation  is  seen  to  be  so  bad  in  every  respect,  except  tk 
Fourth  and  Fifth  (which  produce  the  same  results  as  in  the  unequal  chords 
of  practical  intonation),  that  nothing  but  the  fewness  of  the  notes  which  it 
requires  (as  a  cycle)  to  modulate  mfinitely,  could  have  brought  it  into 
notice.  The  great  harshness  of  its  major  Thirds  and  minor  Sixths,  and 
of  its  minor  Thirds  and  major  Sixths,  its  strikingly  inharmonic  diff»entud 
tones,  and  their  very  distinct  beats  (all  of  which  stand  out  in  strong  relief 
on  the  ordinary  harmonium),  render  it  quite  unfit  for  the  performance  of 
any  music  with  sustained  tones  and  delicate  harmonies  except  with  quali- 
ties of  tone  for  which  the  partial  tones  above  the  fourth  are  scarcely  audible. 
It  is  totally  unfit  for  part  singing  or  for  stringed  quartetts,  or  ^double- 
Btop  passages '  on  a  violin,  or  for  the  compound  stops  of  organs.  This 
refers  only  to  ite  effect  in  harmonies.  Its  effect  in  melody  i^  altogeAff 
different,  because  in  that  it  can  produce  no  beats.  Those  whose  musical 
ear  has  grown  to  the  melody  of  equal  temperament  necessarily  find  main 
tone  temperament,  or  just  intonation,  with  flatter  major  Thirds,  SixOia, 
and  Sevenths,  dull,  heavy,  and  disagreeable,  and  probably  in  view  of  tii« 
melody  they  like,  overlook  the  harmony,  and  do  not  remark  its  bad  effects. 
A  concertina-tuner,  who  tuned  justly  intoned  chords  for  me  told  me  he 
did  not  like  them ;  he  missed  the  be^it.  This  reminds  one  of  the  man  who 
could  not  sleep  at  nights  m  the  country,  it  was  so  dreadfully  quiet  But 
a  little  habit  produces  a  very  different  state  of  feeling.     At  Uie  same  time 

it  is  well  to  remember  that  our  rules  of  harmon v  otaw  „^       j      .i 

J  *!,  *  uu  1  4.1.  r.1  .  -^  grew  up  under  the  mean 
tone  temperament,  and  that  although  the  Chmese  t>t-i«^^  m  •  •  « 
,r«o  .1  \.  •     *.  4,    •      -u  c  1   .  prince  rsai-yu,  m  a.d- 

1573,  that  IS,  two  centuries  before  equal  temoGram^r,!. 
^  *  .  *  1      .1         J  u  ^  "'l^rament   was  common  m 

Europe,  cave  the  exact  lengths  and  bores  of  12  nir^oa    •  ,  i 

X  /  •  r.u-  4.U    •*      1         P'pea   m  correctly  equal 

temperament  (given  on  Chmese  authority   by   Amiot    on  his  p.  105)/y«t 
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the  Chinese  harmony  never  extended  beyond  the  occasional  iise  of  an 
Octave,  for  which,  of  course,  equal  temperament  is  perfectly  suitable.  As 
mentioned  on  p.  656,  strictly  equal  temperament  is  a  thing  unknown  in 
practice  owing  to  the  extreme  difficulty  of  tuning  the  Fiflhs  by  estimation 
of  ear.  *  Many  years  ago,'  says  Prof,  de  Morgan  (  *  On  the  Beats  of  Im- 
perfect Consonances,'  Trans,  of  the  Cambridge  Phil.  Soc.  9  Nov.  1857, 
vol.  10,  p.  142),  'I  had  two  dulcimers,  as  I  suppose  they  must  be  called, 
of  a  couple  of  Octaves  each.  The  notes  were  given  by  single  strings,  and 
the  sound  was  produced  by  a  hammer  held  in  the  hand ;  they  stood  ex- 
ceedingly well  in  tune,  and  the  sound  was  as  pure  as  that  of  a  tuning- 
fork.  When  I  timed  one  to  equal  temperament,  as  I  thought,  and  then 
the  other,  I  never  found  agreement,  though  each  was  satisfactory  by  itself. 
I  soon  left  off,  setting  down  the  discordance  to  my  own  inexperience.  But 
an  old  professional  tuner,  to  whom  I  mentioned  the  subject,  assured  me 
that  he  did  not  believe  either  that  any  tuner  gained  equal  temperament, 
or  that  any  one  tuner  agreed  with  himself  or  with  any  other.  He  summed 
up  by  saying  that  ''  equal  temperament  was  equal  nonsense." '  For  all 
ordinary  pitches  of  c'  a  very  decent  (although  unequal)  imitation  of  equal 
temperament  may  be  effected  by  making  the  Fifths  &  ^,  c'8  g't ,  d'  a', 
cTS  a'8  e'  b'  (lying  within  the  Octave  d  c")  beat  once  in  one  second,  and 
the  Fifths /'«  c"«,  ^  rf",  g'U  d"U,  a' «",  5'b/",  5' /"I  (in  which  the 
higher  note  is  in  the  Octave  above)  beat  three  times  in  two  seconds ;  in 
this  case/'  c'^  will  beat  about  once  in  between  one  and  two  seconds.  The 
order  of  tuning  la  &  g",  g'  d",  d'  rf  d",  d'  a',  a!  «",  e!  a'  «",  ef  b',  b' fn  , 
f'l  b'f'l ,  /'I  c"« ,  dl  ft  c"«  ydlg'l,  g'l  d"l ,  d'l  g'l  d"% ,  d'%  a'% , 
a'l  /',  that  is  b'b  /".  The  beats  can  be  coimted  by  a  half  second *s  pen- 
dulum of  an  ordinary  clock,  or  by  a  weighted  string  having  a  length  from 
centre  of  suspension  to  centre  of  bob,  of  9*7848  inches,  or  nearly  enough 
9^  inches.  The  following  table  will  shew  the  extreme  closeness  of  the 
approximation  thus  obtained.  It  must  be  remembered  that  an  interval  of 
*01  equal  Semitones  is  barely  perceptible  (p.  787, 1.  17  from  bottom)^  and 
that  to  distinguish  an  interval  of  *0087  equal  Semitones  by  means  of  deli- 
cate apparatus  is  considered  to  be  a  great  feat  (p.  699,  last  line  but  one). 
The  vibrational  numbers  have  been  calculated  from  the  formulas, 

2/    =3c'    -1,      4r?'=3^    -1-5,   2q!  =zM'   -1,      ^d   =3a'  -1*5, 
2b'    =3«'    -1,      4/=36'    -1-5,  4c'«  =3/11 -1-5,  2<7'«=3c'«-l, 
Ad't  ^3g'%  - 1-5,    2a'=3d'b - 1,      4/  =3a'«  - 15, 

taking  d  first  =  256,  and  next  =  264,  and  the  resulting  numbers  are  con- 
trasted with  the  corresponding  exact  numbers  for  equal  temperament  in 
adjoining  columns,  and  a  final  column  gives  the  error  from  the  true  equal 
tones  expressed  in  equal  Semitones  for  each  case. 
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Note 


r\ 
if 


Equal 


256 

271*23 

287  35 

304-44 

322-«l 

341-72 

362-04 

383-67 

40637 

430-64 

466-16 

483-26 


ImitatioD 


256 

27) -09 

287-25 

804*23 

322*41 

341*51 

361-96 

383-50 

406-14 

430-38 

455-84 

48311 


Too  Oat  bj 

eqnal 
Semitone* 


•000 
•009 
•006 
•Oil 
•007 
•001 
•003 
003 
•010 
•006 
•Oil 
•001 


/' 


352'40 
ST3'3^ 

396-65 

419-07 

443-99 

470-39 

498-37 


9)  Pythagoras*  Intonation  exaggerates  eveiy  fiiuH  of  die 
harmoiiicaUj,  do  redeeming  quality.  It  was  nerer  meant 
the  Gredca,  and  nerer  can  have  been  used  for  harmooj  bj 
altbougli  its  use  has  been  adyocated  for  yiolin  playii^ 
would  be  cuttingly  painful.  Its  interest  is  purely  histoneal,  and  ii  a 
be  at  most  used  for  melody,  for  which  alone  it  was  inteoded.  It  dud 
be  obsenred  that  the  difierential  tones  in  this  intonatiixi  m  -pna 
fractions  of  the  root ;  thus  for  c'  +  f*'  it  is  ^|c',  for  c'  x  y'  it  s  4r,  i 
t<'-^iti8lJc',fbr«'+,c"iti8j|c',for^-,te"iti8|$c',fDrf-f 
it  is  jV,  for  «'!>  +  ^  it  is  JJc',  for  e'b  -,  c"  it  is  i^,  and  fcr /  +.f 
it  is  jfc'.  Pythagoras  is  hardly  to  be  credited  witb  the  inTcntaon  if  ^ 
acale.  In  very  early  times  the  Chinese  had  a  Fire-Fifilia  scale,  <1i*pm'nii 
by  closed  pipes  of  the  lengths  of  81,  54,  72,  48,  64  ^nraneal  Bne 
(Amiot,  p.  118),  of  which  81  represented  a  length  of  9}  F.TipqK«A|  jae^ 
or,  Teiy  nearly  indeed,  the  length  of  the  half  seconds  pendohim.  idiit 
gave  the  standard  pitch,  identified  by  Amiot  with  f^  so  tbat  thes  ha 
were/',  c'\  ^,  d'\  faf.  It  is  clear  that  this  scale  could  not  Imvt  m 
continued  without  producing  fractional  numbers.  But  by  kc.  2€S7,Xai 
/tin,  one  of  the  grandees  of  the  court  of  Hoang-ty^  carried  liie  wf^ 
12  Fifths  (which,  reduced  to  the  Octave  /to/,  are  given  abov«,  ilTI 
note),  and  the  old  Chinese  rules  by  which  these  were  ibnned  are  t» 
lated  by  Amiot  on  his  p.  215,  and  leave  no  doubt  as  to  the  pradse^ 
of  the  notes.  That  is,  2000  yeaw  before  Pythagoras,  a  very  nnidi  m 
developed  scale  of  this  kind  was  known  in  China.  The  Ghinen  still  ( 
the  original  ^^q  notes  the  '  five  tones,*  the  seveO  notes  of  the  On&  sc 
(being  the  above  hve  and  the  two  pien^  or  fe''  ^d  \h\  xntTodniniic  Se 
tones)  the  *  seven  principles,'  and  the  fixe  chromat^*^  ootes  are  the  *  five  o 
plements.'  Amiot  says  (on  his  p.  161),  «  The0^  seven  piiniup&fifc  w 
have  been  always  known  to  Chinese  sages  wef*^  ignored  \sj  idat  y\ 
literati,  .  .  .  who  would  only  jidmit  the  five  tones    ^J®*^'^^^  thae  two  jii 
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being  in  their  opinion  new  inventions.'  The  statement  above,  p.  898, 
referring  this  to  Prince  Tsai-yu,  seems,  therefore,  to  be  slightly  erroneous. 
The  seven  notes  were  known  thousands  of  years  before  he  existed.  See, 
also,  p.  713,  note,  and  p.  784.  The  whole  Chinese  system  is  founded  on 
the  number  8  and  the  mystic  trigrams  called /ou- At ;  see  Amiot,  plate  xix., 
^.  15a.     The  history  of  the  Arabic  17  Fifihs  has  yet  to  be  written. 

E.  Intervals  actually  played  on  Instruments  with  Unfixed  Tones. 

The  preceding  divisions  give  the  principal  and  most  widely  accepted 
theoretical  intonations  hitherto  invented.  The  present  division  contains 
the  results  of  the  investigations  of  Messrs.  Comu  and  Mercadier  of  the 
intervals  actually  in  use.  They  will  be  foimd  in  the  '  Gomptes  Rendus ' 
for  8  and  22  Feb.  1869,  voL  68,  pp.  801  and  427 ;  17  July,  1871,  vol.  78, 
p.  178 ;  29  Jan.  1872,  vol.  74,  p.  321 ;  and  17  Feb.  1878,  vol.  76,  p.  432, 
of  which  only  the  two  first  are  referred  to  on  p.  507  above.  The  method  of 
observation  at  first  was  to  bring  the  instruments  near  the  parabolic  re- 
flector of  a  phonautograph,  allowing  the  vibrations  to  be  described  on  the 
smoked  cylinder  (p.  80  above)  at  the  same  time  with  those  of  a  chrono- 
metric  tuning-fork,  and  counting  the  number  of  waves  in  a  second  for 
each  note,  and  taking  the  ratio  to  the  fundamental  note.  But  for  the 
violin  and  violoncello,  as  described  in  '  Gomptes  Rendus,'  vol.  78,  p.  178,  a 
thin  piece  of  tin  plate  was  placed  under  the  bridge,  and  the  vibrations  were 
conducted  by  a  wire  direct  to  the  inscribing  style.  The  tones  on  the 
monochord  were  determined  by  the  ratio  of  the  length  of  the  string 
sounded  to  its  whole  length,  and  the  observers  are  reported  to  have  per- 
ceived a  difEerence  of  1  in  a  1000  in  the  length,  corresponding  to  *0173 
equal  semitones  or  about  f  skhisma.  Only  the  means  of  the  results  of  the 
first  series  of  experiments  are  given  by  Messrs.  Comu  and  Mercadier,  but 
the  number  of  observations  is  too  small  to  make  means  trustworthy.  In 
subsequent  experiments  they  give  every  case  as  well  as  the  mean,  and  the 
mean  is  here  omitted.  The  first  and  second  series  were  experiments  made 
on  the  playing  of  amateurs ;  in  the  third  series  the  players  were  pro- 
fessionaU,  namely,  M.  L^nard,  a  Belgian  violimst,  and  M.  S^ligmann, 
violoncellist.  In  the  fourth  andfijth  series  the  players  were  again  amateurs, 
but  in  the  sixth  series  the  violinist  was  M.  Ferrand  of  the  Op^ra  Comique. 
The  results  are  given  by  Messrs.  Comu  and  Mercadier  in  actual  numerical 
ratios ;  I  have  here  reduced  these  ratios  to  the  corresponding  number  of 
equal  Semitones  in  the  intervals  they  designate,  and  have  added  the  value 
of  the  same  intervals  in  the  same  form  for  just,  equal,  and  Pythagorean 
intonation.  The  nature  of  the  divergence  from  equal  temperament  is 
shewn  by  the  number  of  equal  Semitones.  In  the  columns  for  D,  F,  G,  c, 
which  are  of  the  same  pitch  in  both  just  and  Pythagorean  intonation,  the 
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(^)  shews  that  the  Dote  played  had  the  same  pitch,  I  th^t  it  wis  ahu 
b  that  it  was  flatter.  Id  the  other  columns  where  just  is  differcDt  f 
Pythagorean  in roDstion,  [he  fintt  of  the  two  signs,  S  snd  b,  reTersto, 
snd  tlie  tecond  to  Pylhagoreao  intonation ;  thus  S  l>  3'9598  shews 
the  E  was  sharper  than  just  and  flatter  than  Pythagorean  R.  Id  no  sii 
case  did  the  major  or  minor  Third  or  major  SeTenth  actually  obeec 
ezaclly  agree  with  the  just,  ihe  Pytliagoresn,  or  the  equal  iuterral.  ' 
major  Seventli  or  leading  note  ie  always  sharper  than  in  just  or  ec 
intonation,  and  frecjuently  sharper  than  in  Pythagorean  intonation. 

The  minor  scale  of  ^  in  the  original  is  here  aaaumed  to  be  {7 
readier  comparison. 

Measra.  Comu  and  Mercadier  conclude  finally,  to).  76,  p.  434,  that 

'  Musical  intervals  belong  to  at  least  two  different  aystema  of  diCei 
values  : 

'1)  The  intervals  employed  in  melodies  tohich  kave  no  modulali 
agree  with  those  of  the  Pythagorean  icale. 

'  2)  The  intervals  between  two  notes  touaded  together,  in  chords, 
basis  of  harmony,  have  for  their  ratios  the  following  numbers :  2 
Octave,  3  Fifth.  J  Fourth,  j  major  Third,  |  minor  Third,  $  major  Si3 
^  minor  Sixtli,  and  ^  Seventh,  where  the  Fourth  and  Sixths  were  dedu 
from  observation  of  the  Fifth  and  Thirds,  and  the  Seventh  from 
dominant  chord.' 

Thus  for  ur.accompanied  harmony  of  two  tones  (chords  more  ll 
two  tonca  were  not  tried)  juBt  intonation  <ilone  was  used.  For  mel< 
the  major  Thirds,  major  Sixths,  and  especially  the  major  Sevenths  (lead 
Boto«)  were  much  Biiarpened,  and  the  minor  Thirda  and  minor  Sia 
generally  much  flattened.  But  did  this  arise  from  the  custom  of  e<] 
temperament  ?  (as  M.  GuJroult  ihinka,  ibid.  9  May,  1870,  vol.  70,  p.  10 
to  which  Meaars.  Comu  and  Mercadier  replied  on  30  May,  1870,  vol. 
p.  1 1 70)  or  really  from  the  feeling  of  Fifths  ?  The  hitter  was  impost 
for  the  leading  note,  which  is  aometimea  much  sharper  than  in  Pyl 
gorean  intonation,  and  the  Fiflha  played  were  by  no  means  always  ti 
Me.-ars.  Comu  and  Mercadier  say  that  the  divergence  fi:om  the  mean  c 
reaches  ^  of  a  comma,  that  is,  '0717  of  an  equal  Semitone ;  but  aa 
Pythagorean  major  Sixth,  major  Third,  and  major  Seventh  differ  f 
the  corresponding  equal  tempered  intervala  by  only  ^^r,  VV,  and  ^ 
comma  reapectively,  that  is,  by  only  0387,  0782,  and  -0978  of  an  e 
semitone,  this  uncertainty  renders  it  im])osaiblo  to  decide  whether 
scale  played  was  intentionally  equal  or  Py I hiigoreau,  or  whetliei  ev( 
did  not  vary  with  the  feeling  of  tlie  moment.  Tai*ing  into  conaiden 
that  the  pitches  actually  shewn  m  tb«  tablea  vary  conaiderably  that 
very  rarely  repeat  themaelvca,  that  the  notea  are  sometimes  flatter 
sometimes  sliarper  than  either  just  or  Pythagorean  intonation  and 
this  uncertainty  pervades  even  such  intervals  as  thu  Fourtli    Fifth 
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Octave,  I  am  inclined  to  adopt  the  hypothesis  of  an  intentionally  variable 
intonation.  Whether  founded  on  the  feeling  of  Pythagorean  or  equal  tem- 
perament, it  is  difficult  to  decide.  But  it  is  certainly  not  founded  on  any 
feeling  of  just  intonation  for  harmony.  If  then  these  players,  as  Messrs. 
Gomu  and  Mercadier  assert  from  first  to  last  in  the  unmistakable  terms 
already  cited,  adopt  just  intonation  of  intervals  for  harmony,  a  serious 
question  arises  as  to  how  they  treat  the  relations  of  tonality.  The  first 
part  may  lead  and  the  others  may  be  adapted  to  it,  or  the  bass  may  de- 
termine the  intonation  of  the  other  parts.  In  either  case  there  would  be  a 
great  variability,  through  which  modulation,  and  even  the  adjustment  of 
parts  without  much  previous  combined  practice^  would  become  extremely 
difficult ;  see  pp.  483,  490|  506,  507,  text  and  notes.  But  how  about  the 
return  to  the  same  key  after  modulations  (p.  512)  7  Huyghens  ('  Ck)smo- 
theoros,'  lib.  1,  p.  77,  as  cited  by  Dr.  Smith,  *  Harmonics,'  2nd  ed.  p.  228) 
suggests  that  as  ^  erring  from  the  pitch  first  assumed. . .  would  greatly  offend 
the  ear  of  the  musician,  he  naturally  avoids  it  by  his  memory  of  pitch, 
and  by  tempering  the  intervals  of  the  intermediate  soimds,  so  as  to  return 
to  it  again.'  But  how  accurately  does  he  remember  the  original  pitch  7 
In  some  cases  in  the  following  experiments  the  Octave  (and  hence  the 
original  pitch)  will  be  seen  to  be  sharpened  or  flattened  by  more  than  a 
skhisma.  In  the  course  of  a  few  modulations  this  skhisma  might  easily 
become  a  comma.  Where  is  the  guarantee  for  remembering  the  original 
pitch  ?  Would  an  alteration  of  a  whole  comma  in  passing  through  a 
series  of  modulations  be  noticed  7  We  know  indeed  that  unaccompanied 
singers  constantly  '  flatten  '  by  much  more  than  a  conmia.  Messrs.  Cornu 
and  Mercadier  stated,  on  17  Feb.  1873,  that  they  were  engaged  in  examiti- 
iug  the  influence  of  modulation  on  the  value  of  melodic  intervals,  and  the 
natiure  of  the  intervals  in  chords  of  more  than  two  notes,  but  after  looking 
through  the  '  Comptes  Rendus '  from  that  date  onwards,  I  cannot  find  that 
they  have  presented  any  memoirs  on  the  subject,  which  is  much  to  be 
regretted,  as  probably  no  scientific  determinations  are  in  existence* 
Table  lY.  simply  shewn  what  sounds  ought  to  be  played  in  modulations, 
and  would  be  played  on  instruments  with  fixed  tones  properly  arranged ; 
not  what  intervals  are  now  played  and  sung,  and  mere  memory  of  ear  does 
not  sufiice. 
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SIAJOR 

No. 

1 

D              E 

F 

G 

A 

B 

e 

loncello 

8  b3-9322 

b  4*8719 

-7  0196 

SkuQUAXV 

2 

— 

8  b4-06n6 

— 

— 

— — 

0PKS8IO1TAL) 

3 

8  841923 

b  4*9681 

8  7*1575 

— 

4 

8  84*1107 

— 

— 

6 

— 

8  b3*9873 
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b  83  0115 
b  82*9824 
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b  b2  9240 
b  b2-9240 
b  83*0261 

8  60539 
b  4*9761 

b  6*9733 

8  7*0772 
-7*0196 

8  7-0541 
«  7*0196 
b  70080 
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• 
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8  121036 

b  11*9567 
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8  12-0346 

A  Series 
lins 

iTSUItS 

8  7-0541 

8  7*0887 

b  6-9617 
8  7*1231 
8  7  0426 
8  7  1231 

b  b7  8202 
b  b7*8312 
b  88  0174 
b  880174 
b  87*9847 
b  87*9847 
b  b7*8053 
bb7*83l2 

8  811*1847 

8  811*1120 

8  811-1847 
8bll-0115 
8  b  11-0206 

b  11-9566 
8  12  0864 
b  11*9664 

th  Series 
lin 
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b  82*9824 
b  830551 
b  82-9824 
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8  4*9891 
8  5*0280 
b  4-9241 

b  6-9965 
b  7*0080 
b  6  9841 
b  6-9965 

b  88*1044 
b  87*9301 
b  87*9301 
b  87-9410 

8  811*1302 
8  811-1607 
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b 
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2-0391 

20 
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3-1564 

30 

2-9487 

4-9805 

50 

4*9805 

70196 

70 

7*0196 

8*1369 

8-0 

7-9218 

10*8827 

11-0 

U0978 
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12-0 
120 
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Tlic  capitnia  point  out  tlic  48  tonei  in  the  middle  section  of  Tabl< 
the  small  letters  Bre  skbiatic  synonyms.      See  p.  675. 
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1  DUODEHART   INSTRUMEHT3.      See  pp.  676,  690. 

The  capital  letters  indicate  broad  and  low,  small  letters  narrow  and  IiikIi,  difritals 
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Tabli  X.  CHORDS  AS  QUALITIES  OF  TONE.  795 

TABLE  X. 

CHORDS  ESTIMATED   AS  ARTIFICIAL  QUALITIES  OF  TONE. 

See  Chaps.  X.,  XII.,  and  pp.  447-8,  454-5,  538. 

This  table  is  arraDged  for  making  experiments  with  the  Just  Har- 
monimn  (p.  681),  shewing  the  effect  of  Mayer's  laws  (p.  701),  which  had 
not  been  published  when  pp.  286-297  were  printed. 

Part  A.  Relative  Pitch  shews  the  notes  of  the  seven  just  major  triads, 
and  the  dominants  of  fiye,  on  the  Just  Harmonium,  with  the  relative  pitch 
superscribed.  For  convenience  some  notes  in  the  next  Octaves  above  are 
given,  distinguished  by  being  underlined.  These  may  generally  be 
reached  by  taking  the  lowest  note  of  the  combination  one  or  two  Octaves 
lower.  Thus  3,  15,  20  would  be  g  h"  [e"'],  or  d  [«"'  a"'],  for  whidi 
play  G  V  ef'  or  c  ef'  of'.  By  desooiding  the  greater  harshness  and  loud- 
ness of  the  dissonant  intervals  8  :  9,  9  :  10,  15  :  16,  24  :  25  are  brought 
into  play  according  to  Mayer's  laws.  Each  combination  should  be  taken 
at  all  the  pitches  which  the  instrument  allows,  and  the  different  effects  noted. 

Part  B.  Beating  Distances  and  Amplitudes.  The  fifth  column 
NP  or  '  number  of  partial,'  gives  32  partials  of  C.  In  the  first  coltunn 
PP  or  '  pitch  of  partial,'  the  nanfes  and  vibrational  numbers  of  such  of 
these  partials  as  have  their  primes  on  the  instrument  are  given.  The 
second  column  £S  or  '  equal  Semitones,'  gives  the  nfimber  of  equal  Semi- 
tones by  which  any  one  is  distant  firom  the  prime,  and  hence,  by  subtrac- 
tion, the  interval  between  each ;  these  intervals  remain  the  same  whatever 
be  the  pitch  of  the  prime.  Column  BD  or  '  beating  distance,'  gives  the 
number  of  equal  Semitones  which  form  the  limiting  interval  for  percep- 
tion of  beats  of  simple  tones  at  that  absolute  pitch,  and  MD  or  '  maximum 
dissonance '  the  number  of  equal  Semitones  which  form  the  interval  for 
greatest  harshness  of  these  beats ;  the  numbers  MD  are  very  nearly  -^^ 
of  the  numbers  BD.  These  numbers  refer  to  absolute  pitch,  and  are 
placed  against  the  lowest  tone  of  the  beating  combination.  For  inter- 
mediate tones  take  proportional  parts  as  near  enough.  Hence,  when  a 
combination  is  taken  at  a  different  pitch  of  the  prime,  the  pitch  of  the 
dissonant  tones  must  be  observed.  Especially  note  that  when  that  pitch 
is  lowered  by  an  Octave  the  dissonance  is  harsher  for  the  same  interval. 

The  columns  headed  by  the  letters  C,  c,  ^,  d^c,  and  figures  1,  2,  3| 
&c.,  contain  the  assumed  '  amplitudes '  of  vibration  for  each  partial  tone  in 
the  compound  tones  bearing  those  names.  The  quality  of  tone  is  here 
assumed  to  be  such  that  the  amplitude  of  any  partial  is  inversely  propor- 
tional to  its  number.  The  amplitude  of  the  prime  of  C  is  assumed  to  be 
100,  and  the  primes  of  all  the  other  compoimds  are  assumed  to  decrease 
in  power,  and  hence  in  amplitude,  as  their  pitch  abends,  according  to  a 
rough  estimate  on  an  harmonium.     Of  course  in  separate  instruments  the 
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degrees  of  force  might  vary  extremely,  and  the  qualities  also,  h 
this  is  merely  an  example  to  shew  how  the  calculations  could  be  ma 
these  details  could  be  precisely  given.  The  results  differ  greatly  for  ci 
quality  of  tone. 

Part  C.     Artificial  Qualities  of   Tone.      The  columns  NP  gi^e 
,  I  <  number  of  the  partial  *  in  the  chord  or  artificial  quality  of  tone  prodai 

by  simultaneously  sounding  two  natural  qualities  of  tone.  In  the  otl 
columns  the  numbers  at  the  head  refer  to  Part  A,  and  give  the  rehtti 
pitch  of  the  tones  combined.  The  numbers  against  the  partials  shew  t 
intensities  or  degrees  of  loudness,  (not  the  <xmplitude  or  excursions  of  tJ 
particles  of  any  of  these  artificial  partials,)  calculated  by  adding  togetii' 
the  amplitudes  in  Part  B  of  the  corresponding  partials  of  the  conipooi 
tones  combined,  squaring  the  result,  dividing  by  100,  and  taking  the  qw 
tient  to  the  nearest  unit.  Thus,  on  combining  tones  3  and  4  in  Part  I 
we  find  the  amplitudes  of  the  partials  against  12  in  NP  to  be  23  and  fi 
their  sum  is  50,  the  square  of  which  is  2500,  and  this  divided  by  10 
gives  25  for  the  intensity  of  the  12th  artificial  partial  of  the  combinsticv 
of  3  and  4  in  Part  C.  When  an  artificial  partial  is  composed  of  a  differ 
ential  combinational  tone  only,  D  is  written  in  its  place  without  any  esti 
mate  of  its  intensity  (always  small),  and  it  is  not  noticed  when  it  mere); 
increases  the  intensity  of  another  artincial  partial.  These  numbers  gir 
approximately  the  relative  intensities  of  the  artificial  partials,  assamiDj 
that  of  the  prime  of  (7  to  be  100,  and  hence  the  artificial  qualities  of  tone 
The  first  column  of  the  first  series  of  combinations  or  Fundatnekta 
Qualities  gives  the  natural  quality  of  1,  the  second  ef  1  and  2,  the  third  c 
1,  2,  3,  4,  or  1  to  4.  Tliese  can  be  readily  struck  by  the  fingers.  Fo 
the  fourth  combination  1,  2,  3,  4,  5,  6,  8,  or  1  to  8,  and  the  fifth  1  to  U 
I  find  it  convenient  to  drive  nails  at  proper  intervals  into  a  lath  in  tw 
rows  so  as  to  press  upon  the  digitals 
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gee'  c ' 

d"  «"  f  h"  c'". 
Placing  them  over  the  finger-board,  the  nails  of  the   E^cond  row  may  t 
kept  free  of  the  digitals,  or  brought  over  them  at  pleasure,  while  the  nai 
of  the  first  row  strike  the  notes  in  both  cases.     The  effect  of  these  qti^ 
ties  of  tone  should  be  especially  studied. 

The  second  series  of  combinations  are  the  Dyad  Qualities^  the  low€ 
tone  not  being  1,  and  the  effect  of  adding  1  to  all  these  should  be  tried 
tending  to  make  the  fact  of  an  artificial  quality  of  tone  more  evident  1 
supplying  the  prime,  and  as  shewing  the  meaning  of  a  *  fundamental  has 
by  transforming  these  into  fundamental  qualities. 

The  third  series  of  combinations  are  a  few  Triad  Qualities  exclud 
those  having  1,  which  should  also  bo  added  to  each  subsequently  to  fc 
fresh  fundamental  qualities. 
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By  selecting  from  Part  A  such  examples  of  combiDation  as  contain  F 
or  t^^  in  any  Octave,  the  effect  of  disturbed  consonance  is  shewn  by  re- 
placing it  by  tF  or  F  respectively.  The  beats  in  F  fF,  f  f/,  f  f/S 
f"  \f"  increase  in  rapidity  and  diminish  in  force  and  in  harshness ;  the 
beats  in  F  \Fj  F  t/,  F  f/',  F  \f"  are  respectively  as  numerous  as  the 
last,  and  also  diminish  in  intensity,  but  being  disguised  by  the  lower  par- 
tials  of  F  which  do  not  beat,  are  less  distinctly  heard.  The  beats  in 
r  ff'y  f  t/',  /t/",  ^/"  are  all  equally  rapid,  but  become  more  and 
more  dii^uised  by  the  non- beating  partials.  This  is  an  excellent  illustra- 
tion of  the  meaning  of  partial  tones  and  Mayer*s  laws. 

By  touching  one  of  the  digitals  very  lightly,  so  that  the  note  only  jiist 
sounds,  we  flatten  the  note  very  slightly,  and  hence  produce  a  disturbance 
of  the  consonance  less  than  by  the  alteration  proposed,  and  obtain  the 
effects  of  temperament. 

By  selecting  combinations  containing  fBb,  fEb,  fAb,  or  B,  £,  A  in 
any  Octave,  and  then  using  one  for  the  other  respectively,  as  bt>  fe'b  </ 
for  t^''  f^^  ^1  ^^  obtain  effects  of  discord,  where  the  disturbances  are 
greater  than  for  temperament.  Similarly  we  may  interchange  B  and  0, 
E  and  F,  D  and  fEb,  G  and  fEb,  C  and  Db,  for  the  usual  Semitone, 
which  does  not  necessarily  produce  dissonance. 

Part  D.  Chords.  This  has  combinations  of  10  major  and  8  minor  chords, 
either  as  triads  or  tetrads,  the  triads  arranged  in  order  of  sonorousness, 
as  given  on  pp.  333-335.  To  the  simple  forms  the  pitch  of  the  first  differ* 
ential  tones  is  added,  to  shew  when  they  act  as  disturbing  the  chord,  if  not 
by  producing  beats,  at  any  rate  by  introducing  unrelated  tones,  which 
tend  to  obscure  the  quality  of  tone,  and  render  it  difficult  to  be  seized  by 
the  ear.  One  '  letter  form  '  of  the  triads  is  given,  but  all  should  be  played 
with  the  different  notes  furnished  for  the  numbers  in  Part  A,  and  the 
triads  being  played  first,  the  effect  of  the  different '  duplications '  intro- 
duced to  complete  the  triads,  in  improving,  and  occasionally  injuring  the 
artificial  quality  of  tone,  by  filling  up  gaps  and  strengthening  artificial 
partials  formerly  weak,  should  be  especially  noted.  The  effect  of  adding 
the  fundamental  1  in  all  cases  in  reducing  the  whole  to  a  fundamental 
artificial  quality  of  tone  should  also  be  observed.  In  the  minor  chords 
note  that  on  accoimt  of  the  high  number  of  the  artificial  partials  there  is 
more  difficulty  in  appreciating  them  as  artificial  qualities  embracing  all 
the  three  tones,  and  that  the  effect  in  general  is  that  of  an  artificial 
quality  resulting  from  the  closest  or  lowest^  or  loudest  dyad,  disturbed  by 
the  third  tone.  Thus  in  12  .  15  .  20,  we  feel  4  .  5  disturbed  by  ^^  ;  in 
10  .  12  .  15,  we  feel  5  .  6  disturbed  by  y* ;  and  in  5  .  12  .  15,  we  feel 
4  .  5  distiu-bed  by  4*  ^^^^  forms  a  transition  to  the  disturbances  of  dis- 
sonances, for  which  the  cases  in  pp.  538-543  are  readily  used  in  all  the 
forms  of  Part  A. 
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BD 
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KD 

NP 
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0 
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13 
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Part 

C. 

Arttficia!  Qualities  of  Tone, 

BdUMDtal  Qualities. 

NP 

Dyad  QuAUttcs. 

NP 

1 
2 
3 
4 

Triad  Qualities. 

4        8       16 

to      to      to 

1       1        1 

Better 

worse 

5     5 
8     4 
8     8 

6     8     6      8 
5     5     5      6 
3     8     4      5 

1       8 

t       1 

8      5     4      5     5      6     8 
S      3     8      8     4      5     5 

18     8    10    16 
5     8      8      5 

m  100  100  100  100 

m    86  106  196  196 
11  189  139  139  139 
It      4  226  225  225 

3 
4 

D           D           D    D 

ft!    ft!    ...     T) 

D   D 
81  — 
72  72 
20  64 

D  —    D    D 

81   D  D   D 

D  72         D 

64  — 

72   D  72  72 D 

20  20  64  —  64 

—  72  72  — 

4  4 

It    86 

5  2 
16      2 

4    90    90 
81  266  256 

2      2      2 
68  199  199 

5  j—  56  —  56  56  66  56 

6  58    0  18  18  —  49  — 

8  40     5  16  —  16  —  42 

56   D  —  56 

19  19 
D         D 
—  42 

5 
6 
7 
8 

56  56   66  66  56  56 
53  19  100  19  50  49 

6  16     5  42  16  42 

1    16 

a     1 

1 

•    10 

4  — 
—      6 

5  — 

16     16    98 
8    44  146 

68  117  250 
4      4      4 

6    24    88 
14    49  121 

9 

10 
11 
12 
14 
15 
16 

8          7     8 

3  81  —  14  14  14  14 

—    88—9 

14  —  80  14  10 

Dll 

8     8 
25  — 

12  25 
2  — 

18  18 
1     4 

_    8 

31  14  14  14 

25    6  38  12 

2 

6  18    6     6 

—11     4  11 

14    2  25    5    7  12  — 

2  2 

3  6    3  18    6    6    6 
1     1     4  —    4  —  11 

50    6    5—12 

14 

6     3    8    6!l5 
—  11  —  1616 

S      4 

S    — 

—      8 
8    — 
1      6 

9    28    60 
9    24    59 
8       8       3 
2      2      2 
5    66    67 
—      4      4 

18 
20 
21 
22 
24 
25 

6     12    2—5  — 

1  8     3    4  12    4    4 

2  —    2     4 

1     1 

3—61     285 
—    2 2    2    2 

-  2     2- 
4—84 

—  22  — 

2  11     7  — 
2 2 

18 
20 
21 
22 
24 
.26 

22    2 
8  12 

1  — 
8     6 

2  2 

11     2    6    5 

8    4  12    4 

—    2 

6  11  10  16 
2     2    2    2 

1    — 
—      2 

—      1       1 
2      2     12 

26 
27 

1  —     1     1 

126 

—     1     1  — ,27 

1     1 
1     1 

—    1 

1 

1    — 

r    1 
1  — 

6      5      5;28 
3    21     76,30 
8     12    29;82 

1           1 

2    4     16    2    8    2 
1          8 

2     17    2 
—    8—4 

28 
30 
.82 

—  1 
6    6 

—  1 

12    6    8    8 
18 
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Dnplications. 


Majob  Tbiads. 


8 

4 
6 
6 
6 
6 


6 
6 
6 
6 
8 
8 


4  10 
8  10 
6  12 
8  12 

16  20 
12  16 
12  16 

16  40 
16  20 
20  24 
10  16 
16  24 


1 
1 
1 
1 
2 
1 


2 
1 
8 
1 
3 
2 


3 
2 

4 
2 
5 
3 


1  6  7 

2  6  7 
17  8 

3  4  7 

8  5  8 
2  8  5 
8    7  10 

8  26  28 
5    9  14 

4  6    9 

4  6    9 

5  9  14 


e 

9 
c 

9 

e 

9 
9 

0 

e 


9 
e 

e 
e 
e 

e 


e   Vb 

c     -Kb 


•hfb 
fcb 

9 

feb 


9 


e 

e 

i 


i 

MnroB 

f/b 
•K'b 


2 
3 
2 

4 
3 
5 


8 

4 
4 
6 
6 
6 


4 
6 
6 
6 
6 


5 
6 
6 
8 
8 


3  4 

3  6 

4  6 
6  8 

Tbiads. 

12  16 
10  12 

6  10 

12  15 

6  12 

16  20 

6  10 

10  16 


8  10 

6  10 

8  10 

8  12 

10  12 

20  24 
16  20 
12  15 

24  40 
15  20 
24  80 
12  16 
20  24 


2 
8 
2 

4 
8 
6 


8 
4 
6 
6 
6 


5    8 

5  8 

6  8 
6  10 
8  10 


6     8  12 


8  4    8  10 

3  8  10  16 

4  6  10  12 
6  8  12  16 

15  15  20  40 
10  12  15  24 

5  12  15  24 

12  15  80  40 

6  15  20  30 

16  20  24  40 
6  10  15  20 

10  15  24  80 


2 
8 
2 

4 
8 
6 


8 

4 
6 
6 
5 


6 
6 


6 
10 


6  10 

6  12 

8  16 

6    8  16 
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app.  : 


Additional  Note  on  Professor  Mayet's  Researches, — Professor  Mi 
has  reprinted  his  researches,  abstracted  on  pp.  700-703,  in  the  *  Ph 
sophical  Magazine'  for  May  1875  (4th  ser.  No.  326,  vol.  49,  pp.  352-^ 
with  two  woodcuts).     In  doing  so  he  has  given  the  limits  of  continuitj 
tone  as  determined  by  the  veiy  sensitive  ears  of  Mme.  Seiler  (p.  1 
note  2)  and  her  son,  Dr.  Carl  Seiler,  now  in  Ametica.     These  have 
him  greatly  to  extend  some  of  the  intervals  for  continuity  of  tone  given 
p.  701,  and  those  which  he  now  assigns  probably  mark  a  veiy  rare  deg 
of  auditory  sensitiveness  exercised  under  the  most  &vourable  circumstanc 
Even  those  on  p.  701   are  possibly  greater  than  would  be  noticed 
ordinary  ears,  but  they  have  been  retained  on  pp.  795-8,  as  most  genera 
useful.     The  interval  of  maximum  dissonance  varies  still  more  from  : 
dividual  to  individual,  and  the  numbers  on  p.  701  probably  mark 
average  amount,  although  it  is  often  much  nnaller.     If  deduced  from  t 
extended  intervals,  probably  only  0*3  of  the  denominators  mentioned 
p.  701  should  be  added,  as  calculated  in  the  table  below. 

Keeping  the  previous  notation,  Professor  Mayer  s  new  results,  i 
dicating  an  extremely  rare  amount  of  sensitiveness  of  ear,  may  be  rep 
sen  ted  as  follows,  in  the  form  adopted  in  both  the  tables  and  in  t 
equation  on  p.  701 : — 

D  X  (N  +  31)  =  3-2  +  -0022  x  (N  +  31). 


Kote. 

K. 

r\ 

Intcrral  of  Continnity 

Interval  of  ICaacDiflB. 

U 

in  equal  Semitones. 

In  eQ.  Oem. 

C 

64 

\+   26 

500 

1-92 

21 

0 

128 

1-T-  45 

6  22 

1-73 

2-8 

c' 

256 

1+  70 

419 

137 

8-« 

9^ 

384 

l-rl02 

4*08 

1-33 

3-1 

d' 

512 

l-rl30 

3-92 

1-27 

3i 

<f" 

640 

1+162 

369 

1-18 

41 

f 

768 

1  +  166 

8-39 

109 

4( 

c'" 

1024 

l-rl80 

280 

0*89 

hi, 

</'" 

2048 

1+270 

2-62 

0-59 

71 

In  the  '  Philosophical  Magazine '  (ib.  p.  358)  Professor  Mayer  a 
mentions  that  on  revolving  the  perforated  disk  (p.  700  above)  t 
secondary  tones  'are  generated,  proceeding  continuously  upwaids  a 
downwards  from  the  tone  of  the  fork  as  the  velocity  increases,  till  a 
certain  velocity,  tliey  are  separated  by  a  major  Sixth,  generating  a  < 
fercntial  tone.  At  that  moment  four  tones  are  heard  forming  a  mt 
chord  with  the  relative  pitches  1,  3,  4,  5 ;  namely,  1  diffet^ntial  3  lo^ 
secondary,  4  fork,  5  upper  secondary,  tone.  On  increasing  the  volo( 
the  differential  and  secondary  tones  vanish,  and  the  tone  of  the  fork  a] 
is  heard  with  perfect  continuity. 
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Th«  nomben  refer  to  the  pages,  unlees  it  is  otherwise  stated.    Square  brackets  [  ] 

refer  to  the  TraDslator*s  additions. 


A  (as  a  in  father),  its  resonance  cayitj, 
157»  and  pitch  of  the  same,  158. 

A,  A,  £,  I,  the  resonance  of  their  cavities 

^^  forms  an  ascending  minor  chord,  162. 

X  (as  a  in  bat)^  its  resonance  cavity,  159. 

A,  £,  I,  have  doable  resonance  cavities, 
160. 

A^  (as  au  in  caught)^  its  resonance  cavity, 
158. 

Abdul  Kadir,  his  scale,  482.  his  intona- 
tion of  the  three  first  Makamat  is 
Pythagorean,  483.    his  rules,  566. 

Abrupt  change  of  vibrational  form  im- 
plies sensible  high  upper  partial  tones, 
54. 

Absolute  consonances.  Octave,  Twelfth 
and  double  Octave,  295. 

[Absolute  pitch,  in  use  in  different  coun- 
tries, 779.1 

Accidental  scales,  defined,  410. 

Accidentals,  little  used  in  old  music,  377* 

Accompaniments,  difficult  to  invent,  375, 
but  now  a  necessity,  450. 

Acoustics,  Physical  and  Physiological, 
1,  4-5. 

Actors  ^oKpnal,  363. 

Age  of  violins,  its  advantage,  136. 

Air  chamber  of  violins,  its  effect  on  the 
quality  of  tone,  138. 

[Air  reed,  of  Schneebeli  and  Ilermann 
Smith,  700.] 

Algebraical  sum  of  waves  of  water,  41, 
and  of  air,  43. 

Ambiguity  of  minor  chord,  454. 

[Ambiguous  scales  of  tonal  modes,  460, 
note,  667,  757]. 

Ambroflch.  History  of  Music,  gives  Chinese 
melodies,  398. 
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Ambrose  of  Milan,  his  four  authentic 
scales,  372,  416,  are  essential.  417. 

[Amiot  on  Chinese  music,  713  note,  784.] 

Amplitude  of  vibration,  52. 

Ampullae  of  the  semicircular  canals  of  the 
i  ntemal  oar,  202.  their  supposed  office, 
217. 

Analysis  of  any  sensation,  always  diffi- 
cult, 78. 

Analysis  of  compound  waves  of  water,  43. 

Jbicne  libre^  or  free  reed,  144. 

Ancient  Greek  songs  had  very  small  com- 
pass, 414. 

Ansa,  or  Indian  tonic,  872. 

Antony's  book  on  Gregorian  Church  Music, 
365. 

Anvil  of  ear,  192. 

Apparatus  for  forming  artificial  qualities 
of  tone,  176,  178,604. 

Appoggiatura,  always  a  semitone,  440. 

Appun,  maker  of  conical  tin  resonators, 
581. 

Aquaeduetue  veetihuLl,  202. 

Arabesques  in  architecture,  888. 

Arabic  conquest  of  Persia,  430.  music 
homophonic,  361.  Quarter  tones,  408. 
tonal  system,  430,  [661,  787].  tonal 
modes  with  just  intonation,  433.  with 
8  tones,  434.  [scales  rearranged,  751. 
temperament,  651.] 

[Arabo- Persian  and  Arabic  systems  com- 
pared, 435  note.] 

Arabs  refer  musical  tone«  to  the  elements 
and  constellations,  347. 

Architectural  principles  in  Greece  and 
Italy,  359,  in  the  North,  360. 

Archytas,  his  rules,  566. 

Aristotle,  bis  problems  and  de  audihUibue^ 
on  music,  asks  why  Octaves  alone  are 
sung,  and  that  men's  and  boys'  voiee« 
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ABISTOXENUS 


form  Octares,  862.  on  the  /»4aiif  sup— 
poeed  to  iDdicate  the  key  note,  868» 
412.  on  the  greater  euphony  in  de- 
scending than  ascending,  370.  on  the 
relation  of  muKic  to  feeling,  885.  on 
descending  leading  notes,  439. 

Aristoxenus,  in  his  time  enharmonic 
■cale  disused,  407,  416.  his  circle  of 
Fifths,  416. 

Artificial  Vowels,  apparatus  for,  175-178, 
604.  produced  oy  tuning-forks,  179, 
and  by  organ  pipes,  187. 

Ascending  scales,  421. 

Attack  and  release  of  tones  are  charac- 
teristic, 106. 

Aadibility  of  beats,  depends  upon  the 
magnitude  of  the  interval,  259,  [7001. 

Auditory  hairs  of  crustaceans,  29^6}  [of 
mosquito,  703]. 

Auditory  passages,  their  natural  reso- 
nances/'"  to  >",  167. 

Auditory  sand,  203.    its  supposed  office, 

217. 
Auditory  stones,  206. 
Auld  Robin  Gray,  air,  402. 
Authentic  scales,  410.    of   Ambrose  of 

Milan,  372,  417. 


B 


Bach,  Emanuel,  in  1753,  required  the 
pianos  to  be  equally  tempered,  500. 
says  that  a  correctly  toned  piano  has 
the  most  perfect  intonation  of  all  in- 
struments, 503. 
Bach,  Sebastian,  does  not  use  minor 
chords  at  end  of  pieces,  but  only  of 
preludes,  458.  his  cadences  in  the 
mode  of  the  minor  Sixth,  470.  his 
*  Doric  cadences/  476.  uses  sharpened 
Thinls.  500.  his  upward  resolution  of 
the  dominant  Seventh,  548.  often  uses 
hidden  Fifths  and  Octaves  and  false 
relations  in  his  chorals,  562. 

Barrow,  his  example  of  Chinese  munic, 
400.     [on  Chinese  music,  713  note.] 

Basevi  on  intercalated  tones  in  Italian 
music,  547. 

Basilar  membrane,  hears  musical  sounds, 
218.  intonation  of  its  different  parts, 
218.  breaks  easily  in  the  radial  direc- 
tion,  not  in  the  other,  219.  its  vibra- 
tions mathematically  investigated,  613. 

Basilicse,  359. 

Bass  notes  with  tinkling  upper  partials, 
168,  271. 

Bass  shakes  always  rough,  through  defect 
in  the  ear,  214,  215,  [702]. 

Bass  voices,  their  tinkling,  168,  271. 

Basses  figured,  381. 


fi^  Z^^^gi^e  good 
Pg  ^itUnee  of  ton 


ribn 

air  t 


Pitcbt  "'•™J»  of  tonm  at  diiTi 


-BeBt^ng  Tones,  their  Taxation  in  pi 


Beats,  6,  7.  -how  distinct  fiom  combi 
Uonal  tones,  240.  their  natora,  2 
experiments  on,  with  polyphonic  sir 
247.  with  fluctuating  pitch,  248, « 
the  law  of  their  number,  248.  reoda 
visible  on  sympathetieallj  vifantii 
bodies,  349.  shewn  bj  vibzating  flaoM 
250,  581.  on  aaditorj  nerves,  $9 
audible  limit  to  their  rapidity,  3j 
more  than  30  in  a  second  oan  be  di 
tinctly  heard,  252.  4  to  6  in  a  seem 
easily  counted,  253.  [cheap  appant 
for  shewing,  consisting  <^  t««  piti 
pipes,  253,  notej  imitated  by  odi< 
mtermittences  of  sound,  254.  tbe 
mental  effect  due  to  physiological  efie 
of  intermittent  excitement  of  the  dotc 
255.  their  roughness  dim inishes  as  U 
interval  increases  after  a  Semitope,  U 
[701].  their  discrimination  when  imp 
IS  difficult  owing  to  the  nature  of  sei 
sation,  261.  among  the  yrarj  higbe 
partials  of  compound  tones,  269.  pr 
mote  audibility,  270.  of  upper  paiti 
tones,  272.  of  mistoned  consonanot 
275.  their  distinctness  when  arisii 
from  upper  partials,  279.  of  33  in 
second,  produced  by  all  intervals  ) 
different  pitches,  291.  of  combiA 
tional  tones,  300.  of  differential  too 
of  compound  tones,  301.  of  combin 
tional  tones  of  simple  tones,  30 
generally  arise  from  combination 
tones.  300.  calculations  of  their  intei 
sity  at  different  intervals,  626,  [701 
of  combinational  tones  mathematieal 
investigated,  620. 

rBedgebury  Park  echo,  721.] 

Beethoven,  master  of  instrumental,  not 
vocal  music,  511.  his  Doric  cadena 
477.  [writes  for  deep  contrabasso^  7C 
writes  for  deep  con traCagotto,  707.] 

[Bell,  Graham,  his  examination  oi  t 
pitch  of  the  double  reaoDance  cavities 
vowels,  161,  note,  740.] 

[Bell,  MelvQle,  his  vowel  arrangement 
resonance  cavities,  in  *  Visible  Spee( 
157,  note,  on  effect  of  the  pharyn, 
vowel  resonance,  727*  on  vowel  n 
tion,  740.]  "^ 
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BELL-SHAPED 


CHORD 


Bell-shaped  glasses  bioken  by  singers,  62. 
Bells,   haye   iDharmonic   upper  partial^, 

117.  of  glass,  their  proper  tones,  1 1 8. 
of  metal,  their  best  proper  tones,  118. 
when  unsymmetrical  give  beating  tones, 

1 18.  hand,  in  music,  their  tinkling  de- 
tectable efibct,  119. 

[Berlin  pitch,  779,  780.] 

Bemouille,  D.,  on  motions  of  strings,  23. 

Binocular  vision,  97. 

Blindness  of  one  eye,  unobserved  for  years, 
96. 

Blowing,  effect  of  its  force  on  tones  of 
flute  or  flue  pipes,  140,  [708].  efiect 
of  various  styles  of  blowing  on  quality 
of  tone,  153. 

Blythe^  blythe,  and  merry ^  air,  401. 

Boethius  on  tuning  the  lyre,  893. 

Bois-Raymond,  du,  senior,  his  vowel 
arrangement,  157. 

[Bosanquet's  cycle  of  53,  p.  655,  673,  675, 
note,  pitch  of  its  tones,  764.  practical 
intonation  for,  657.  his  theory  of  the 
division  of  the  Octave,  692,  note,  his 
generalised  keyboard  described,  with 
theory,  692-9, 794.  his  notation  applied 
to  just  intonation  as  a  substitute  for 
von  Oettingen's,  695.  exceptionally 
applied  in  duodenes  to  mark  the  imi- 
tation of  the  subminor  Seventh,  698. 
his  harmonium  for  the  cycle  of,  53. 
cost  and  maker,  696,  note,  his  mathe- 
matical investigation  of  the  combination 
of  reed  and  string  in  the  string  organ, 
717.  the  triads  in  his  cycle  of^  53, 
their  character,  783.1 

Bottle  with  long  neclc,  has  double  re- 
sonance, 160. 

Bottles  with  deep  simple  tones,  blown 
across,  how  constructed,  102. 

Bowed  instruments,  the  piercing  character 
of  their  tones,  315.  why  unfit  for  slow 
sustained  chords,  315.  their  peculiar 
beats,  815.  their  scratchiness  due  to 
beats,  which  render  their  harmonies 
often  unpleasant,  315.  mobile  and 
expressive,  mark  consonance  and  dis- 
sonance well,  315.  how  their  quality 
of  tone  is  affi'cted  by  the  resonance  box, 
818.  the  peculiarity  of  their  intona- 
tion, 505.  do  not  allow  equal  tempera- 
ment in  double  stop  passages,  506. 

Bowing,  its  effect  on  even  bad  violins,  186. 

Braes  of  Balqukidder,  air,  402. 

Brandt,  proves  correctness  of  Young's 
law  for  strings,  85. 

Brass  instruments  commence  heavily, 
108. 

Breguet  watch-keys,  their  resemblance  to 
articulation  of  hammer  and  anvil  in  the 
ear,  196. 


[Brooks,   makes  Bosanquet's  generalised 

keyboard,  696,  note.] 
BrumeFs  resolution  of  chord  of  dominant 

Seventh,  467. 
Busalik,  Arabic  and  Persian  scale,  483, 751. 
Bu9urg^  Arabic  and  Persian  scale,  434, 75 1 . 
Byzantine  architecture,  359. 


Caocini  invents  recitative,  381. 

Cadence,  complete,  plagal  and  imperfect, 
452. 

[Galdera's  patent  repeating  hammer  on 
pianos,  720.] 

Canals,  semi-circular,  in  the  ear,  201. 

Cancelling  of  sound  by  sound,  212. 

Canonic  imitation  in  the  12th  cent, 
374-5. 

Catgut  strings,  their  quality  of  tone,  128. 

[Cavities  producing  vowel  resonances, 
numerous,  727.] 

[Cell,  harmonic,  662.  subdominant,  tonic, 
dominant,  663.] 

Changing  notes,  547. 

[Chappell,  in  his  History  of  Music,  says 
he  cannot  hear  harmonics  on  a  har- 
monium, 1 5 1 ,  note,  regards  the  Fourth 
as  no  consonance,  299,  note,  observes 
the  dying  away  of  women's  voices  in 
men's,  722.] 

Charles  II.  and  his  court  astonished  at 
the  punctum  caecum,  97* 

[*  Cheng,'  Chinese,  Amiot's  name  for 
'shang,'  713,  note.] 

[Chev^,  his  table  of  modulations,  759.] 

Chinese  music,  homophonic,  361. 

Chinese  scales,  898,  [7861. 

Chinese  examples  of  scale  of  five  tones, 
400,  402. 

Chinese  airs,  some  belong  to  the  old  Greek 
enharmonic  system,  403. 

[Chinese  Ztc,  713,  note,  751,  786.] 

[Chinese  music,  with  scale  of  12  Fifths, 
and  equally  tempered  scale,  713,  note, 
founded  on  the  trigram/oK-At,  787-] 

[Chinese  Five-Fifths  scales,  749,  786.] 

[Chinese  pitch  pipe,  its  length,  786.] 

Chladni,  his  sand  figures,  65.  his  figures 
on  elastic  plates,  116. 

Choice  of  instruments  for  a  piece  of  music, 
809. 

Chord,  defined,  35.  on  the  second  of  the 
major  scale,  455,  [and  note],  of  dominant 
Seventh,  its  resolntion  in  15th  century, 
457.  of  the  Italian  Sixth,  478.  of  the 
diminished  Seventh,  536,  542,  almost 
insupportable  in  just  intonation,  497.  of 
the  oiminished  Fifth,  its  use  in  mark- 
ing the  key,   528.    of  the  dominant 
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Scvenlh,  its  dk»ansDt  lone,  n 
lution,  538.  of  the  SeTrnlh  u 
Scconil  of  a  mnjor  loile,  it 


isaiidivsotutioii,539.  oftheSeTaDtli 
npoD  the  Second  of  the  minor  snln, 
UO.  of  the  Serenth  on  the  SercDth 
of  the  major  scale,  its  di»oiiiuit  1 
mtld  reKolulion.  840.  of  the  mnjoi 
SsreDth  in  the  direct  syMein,  842.  of 
the  minor  Serenth  in  the  direct  ayiUiin, 
642.  of  ibe  SeTcnth  ou  the  tAOie  of  the 
minor  kej,  643. 

Chorda  ij/mpaiii,  19 

Chonl«l  relationship  in  two  d^recs,  457. 

Churdul  membUncea,  576. 

Chordnl  sequence,  S5I. 

Chords,  conditions  of  their  e 

321.  fiindameDtftt,  of  Third  and  Sixth 
and  of  fourth  and  Sixth,  323. 
Teniona.  3:14.  coDSOosnC,  eiceedingthe 
compass  of  ■□  Oirtare.  positions  of,  32S. 
of  the  natural  Serenth,  whj  m 
hnnnony.  330.  of  foor  pnrta,  oc  tetrads, 
336.  iheiriDDstperrectpaBitioaB, 337-8. 


I  heir  iadepf  nd 
iolLemi.iaieni 


t  felt 


m<l  n 


erted  B 


the  revertal  syatem  mnrk  the  key  pre- 
cixely,  535.  [estimated  as  artificial 
qualities  of  tone,  79,^.] 

Chrvai  i<t  the  Gruoks,  408. 

Chromatic  tetrachoid,  404. 

Clirysnnthns  of  Dyrrhochium,  AnhhiKhop 
in  1832.  rejects  polj^onic  music,  207- 

Circiilnr  clastic  plates,  their  propertonea, 
117. 

[Clanff.  its  meaning  in  Enijlish,  36  note.] 

Clarinet,  itstongneaorreedB,  146.  lis 
tial  tones,  hns  none  even.148, 152.  'pe- 
culiar effect  of  its  qunlit;  of  tune  on 
.Cdnsonances.  310.  niutu.i1  effcctof cln- 
rinat  and  oboe  in  pUiyiuK  consoiiancca, 
319.  mutual  uSect  ufchtrinet  nnd  hnr 
monium  in  plsying  coiiEOnnnccs,  320. 
iu  cylindrical  resimance,  602. 

Cofilia  of  ear,    201,       i\a   c^nstrac 
207.    it«  Rui^MseJ  office,  217. 

CochtthtlU.  til,  *0i. 

Cuincidunt  upper  pnrtJnIa  in  consooancei, 
277. 

[Coll  <CavaI1U)  OFfran  buiUler,  doss 

use  free  rerda,  711.] 
Colour  and  chiaroKura,  morr  easily  < 

served  1)y  painters,  85. 
'  Colonriufpi  ■  of  the  Greeks  408. 
Combinational   tones,    6.   7.     depend 


which  a 
229.     proof  that  they 
polyphonic  siren.  23«.     rosy 
jtctivoly  in  the  car   withoul 


olijeetiTi 
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CONSONANT 


DIFFERENTIAL 


ThirJa,  289.  absolute,  Octave,  Twelfth 
aod  double  Octave,  295.  perfect,  Fift,h 
and  Fourth,  295.  medial,  the  m^or 
8Lxth  and  major  Tliird,  295.  imper- 
fect, the  minor  Third  and  minor  Sixth, 
295. 

Consonant  intervals  calculated,  22.  do 
not  beat,  275.  arranged  iu  order  of 
distinctness  of  their  delimitation,  278. 
arising  from  mistuning  other  consonant 
intervals,  281. 

Consonant  triads,  within  the  compass  of 
an  Octave,  table  of  all  their  possible 
forms,  322.  [in  just  and  tempered  in- 
tonation, examined,  781.] 

Consonants,  their  nature,  107. 

Continuous  sounds,  why  heard  as  con- 
tinuous, 221. 

[Contrabiisso,  Dr.  Stone*s  deep,  705.  used 
hy  Seethoven  and  Onslow,  705.] 

[Contrafagotto,  Dr.  Stone's  deep,  706. 
used  by  Haydn,  Mozart,  Beethoven, 
Mendelssohn,  707.] 

Cornu  and  Mercadier*s  experiments  on 
violinists  &c.,  507t  note,  [observations 
on  intervals  actually  played,  787.] 

[Correlative  docads,  667.] 

Corti,  Marchose,  his  membrane  figured, 
208.  his  organs,  rods,  or  arches,  207. 
208.  figured  and  described,  209.  with 
the  basilar  membrane  they  bear  musical 
sounds,  218.  they  are  absent  iu  birds 
and  amphibia,  218,  220.  their  probable 
office  is  to  transmit  the  vibrations  of 
the  basilar  membrane  to  the  terminal 
appendages  of  auditory  nerve,  221. 
their  bejits,  251.  how  they  affect 
audibility  of  beats,  260.  their  damp> 
ing  power ;  is  it  less  for  high  than  for 
low  pitch?  not  probable,  261.  Helm- 
holt2*s  theory  concerning  them  has  no 
connection  with  his  explanation  of  con- 
sonance and  dissonance,  343. 

Coussomaker,  history  of  harmony,  208, 
note,  says  that  old  German  and 
Celtic  melodies  are  like  modem  Euro- 
pean, 373. 

Crumples  in  vibrational  forms  of  violin 
strings,  134. 

Crustaceans,  their  audi toiyapparatu8,225. 

[Culex  mosquito,  its  sensitive  hairs,  ex- 
amined by  Miiycr,  703.] 

[Curwen,  J.,  *  Standard  Course,'  treat- 
ment of  mental  effects,  429,  note,  on 
rejection  of  leading  note  in  Wales  and 
Scotland,  441,  note,  works  on  Tonic 
Solfii,  637.  on  registers  of  the  voice, 
729,  note.] 

Cutting  tones,  173. 

[Cycles  defined  and  compared  in  octs,  653, 
and  in  logarithms,  654.    of  30103,  and 


3010,  p.  654;  of  301,  pp.  654,  655;  of 
53  aud  31,  p.  655;  of  12,  p.  656.  of 
29,  p.  759.] 

E Cyclic  intonation,  practical,  658.] 
C^'clic  systems  of  uniform  temperament, 

653.] 
Cylindrical  tubes,  their  resonance,  602. 
[Czermak,  on  whispering,  162,  note.] 


D 


d^Alembert,  his  opposition  of  Rameau*8 
theory  of  consonance,  351-3.  his  ac- 
count of  common  French  temperament 
in  1762,  p.  500.  his  explanation  of  the 
old  Greek  heptachord,  546,  note. 

Damping,  its  rapidity  for  the  sympa- 
thetically vibrating  parts  of  the  ear, 
212.  for  Ay  about  the  second  or  tliird 
degree,  215.  [at  different  pitches, 
determined  by  ALayer,  700.] 

Dance  music  of  1529,  oldest  for  instru- 
ments, 374. 

[Decad,  harmonic,  663.  dominant,  sub- 
dominant,  relative,  666 ;  correlative, 
667.] 

[Decadation,  its  nature  and  origin,  665.] 
Dechales  says  that  Guido  d'Arezzo  dis- 
covered mean  intonation,  7  84. J 

Deepest  audible  tone  ?  264.  answer, 
musical  tone  E^  of  the  double  bass, 
with  42  vibrations,  267. 

Degrees  of  tones,  definite,  always  felt  to 
be  necessary  in  music,  564. 

Dchii  treiits  the  Fourth  as  a  dissonance, 
209. 

Delezenne,  his  experiments  shew  that  the 
best  violinists  play  in  just  intonation, 
506,  641.  [his  determiuation  of  pitch, 
780.1 

Dimeter,  hymn  to,  371,  note. 

[De  Morgan  on  tuning  by  equal  tempera- 
ment, 785.] 

Descending  leading  note  in  old  Greek 
Doric,  438. 

Destruction  of  sound  by  sound,  292. 

[Diapason  normal,  French.  780.] 

Diaphony  of  Hucbald,  373. 

Diatonic  scale,  409,  566. 

Diatonic  tetrachord,  404. 

Didymus*s  data  for  the  diatonic  tetra- 
chord, 404. 

Difference  of  pitch  between  excitiog  tone 
and  sympathetically  vibrating  body,  ita 
effect  on  the  sympathetic  vibration, 
Uble,  213,  216. 

Differential  tones,  or  combinational  tones, 
whose  vibrational  numbeiB  are  the 
differences  of  those  of  Uieir  generators, 
discovered  by  Soige  and  Tartiju,  230. 
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DimSISHID  niTH  

itroiigCT  itiaa  nunmatioDkl  toDCt,  330. 
thine  of  primn  &ra  londeat,  330.  [ex- 
perimsnts  on.  b;  tnoil&tor,  'III,  notF.I 
fonnerlr  beliared  U>  be  ni!|jeMiTe,  and 
due  Co  bmU.  335-  [ezperimeoUl  dia- 
proofbj  tranaUtOT,  231,  nola.]  table 
of.  131.  exunpleii  of,  233.  cf  com- 
ponnd  tonn.  their  beats,  301. 

Diminished  Fifth,  chord  of,  iU  oM  ia 
markinfc  the  ke?.  S28. 

DiminishKl  Seventh,  chord  of,  536,  112. 

Direct  ■jBtem,  chnnla  of,  G31. 

Difcantiu.  firK  form  of  put  mane,  IlUi 
ceolurr,  373. 

DinnnaacB,  raolts  &om  bente  of  upper 
partiali.  295.    iti  nature,  309. 

DiwOTiances,  their  ph^ological  rongh- 
nrta  and  psychological  entnnglBinent, 
313.  their  frequsncj  caused  bv  equal 
iMnperament,  510.  throreticall;  in- 
finite in  numUr,  but  practJealty  limited 
by  tlie  scale,  filS. 

Uissunaat  ch  rJs  as  represent iaf;  com- 
pound l«nea,  538.  tliose  which  are 
csvcntiall;  so,  S4S. 

DissuDHnt  intervata  beat,  37S. 

UisHODant  lone  or  note  in  a  chord.  S38. 
laws  for  ila  motion.  648.  iatrnding  on 
the  body  of  other  turns  it  moves  dia- 
touiraltj,  518.  rulus  for  ita  inUodac- 
tJOD,  550. 

Diiisonating  upper  paitials  in  tha  human 
voice,  168. 

DiataDce,  its  effect  ou  qoalitirs  of  tnne, 
Tovels, and  consonants.  111.  [its effect 
in  resolving  com^und  tonea,  722.] 

Dominant  chonl,  anU  its  relation  to  the 
tonic  choid,  161. 

[I>ominant  deCKd,  666.] 

DomioaDt  Seventb,  chord  of,  its  ditsonant 
lone  and  resolution,  53S. 

Donden  llret  discorers  that  tbs  cavities 
of  the   month   are  Cuued  to  different 

Eitfhes  for  tlie  different  vowels,  1S2. 
is  determination  of  pitch  of  vowel 
resnusnces,  compared  with  Helmholts's, 
1S3.  note,  [his  phonautegraphic  flgurea 
of  R  in  his  phjriology  of  speech  •oundi, 
35i.  notfl.  on  vowels.  7«0.] 
Doekin's.  Prof, '  Arauitica,'  586.  SOS,  600. 

[proof  of  Fourrierathrarum,  706.] 
(Ilonkin.  A.  E,,   his  machine  for  com- 
pounding parallel  vibrations.  704] 
Doric  scale  of  Greekfl.  in   reference  to 
Aristotle,  370,  *lt,  [751].    ofQlarean, 
376.  113.     tctrachord.  105.     cndencea, 
*75. 
Double  bnsB,  its  lower  tone  E.  the  lowest 

aiidiUe  musical  tone.  2f7,  [70A]. 
Double  imagrs  in  vision,  97. 
[Double  triolet,  680.] 


Dore'a  wixea,  SO. 

I>rivii^  machine  for  alrea,  S7I 

IDroaet'a  detemiiiistioiM  of  pit 
tram  of  tmr,  1»1. 
Dramskin    of   ear,    101.    its  i 

laech&aical  mnilts,  300. 
Dram  nllerf  of  the  iatemal  m 
I>n    Boia     Repnoad,    senior,   ll 

aTTvagem^nt,  167, 
Ductua  corUtarit.  20*. 

SDoodenal,  definell,  its  ttatthm,  I 
DaodonoiT    maonal    dtacribsd, 

70S.] 
[Dnoileruu:^,  nnall  sad  great,  (W. 
[Daodenstion,  vvitica]  and  Iitoa 

it*  limits,  I^ble  IV.,  758.] 
[Daodena,  how  deSned  and  lintrt* 

original,  limita  of  the  vsriiliH' 

pitch   of  its   mot,   670.     bow  i 

on  Booanqnet's  geimaliaed  hT-l 

607,  not«.] 
[Doodenea  id  otder  of  Fittia,  Table 

702.] 
[Doi^ni,    two     combined     simptei 

moniums,  how  arranged,  683.} 


E  (ns  e  in  met),  its  resoosnce  eavitv. 

Ear,  CHuine,  Benailive  to  violin  (". 
homan,  ho*  it  apprehends  qoalilH 
tone.  187.  constniclion  of,  IW. 
peculiar  apparatus  f»r  ijai»t 
vibration,  213.  damping  of  its 
pathetimllj  vibrating  parta,  31t. 
It  resolrea  all  motions  into  pox 
vibi«tiaDs,  223.  paculiorlj  sen 
tof^S,  370.  natural  resonances' 
paasn(;es,  167- 

Ears  differ  in  judgment  of  qnali^ 
flcially  altered,  104. 

Ecclesiastical  mode,  differed  nsCDt 
tiom  modem  muaic,  880. 

Ecclesiaaticol  scalea,  of  Glarsan,  IT!. 
Ambrose  of  Ifilan.  416. 

[Echo,  harmonic.  723-3.] 

^jptian  origin  of  Pytliagomi's  lai 
musical  consouBDce.  2. 

Egyptian  flutes,  and  their  scale  acM 


Electro- magnetic  apparatus  for  for 

artificial   qualities   of  ton^  176, 

driving  machine  for  airena,  679. 

[Hemenla.  harmonic,  663.1 

Eleventh  worse  than  Fouri,  28T- 

[Ellin,  A.  J.,  his   notatioo  of  pitd 

pUined.   425.     paper,  on  miwc, 

eipenments  on  lebolution  (rf  eon] 
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tonee  bj  distance,  722.  on  Towels, 
740.] 

Empty  tones,  178. 

Engel's  Towel  theoiy,  166,  [782]. 

[Eoglish  theoretical  pitch,  26,  770.] 

Enharmonic  interrals,  Greek,  547.  te- 
trachord,  404.  mode  of  the  Greeks 
and  Arabs,  407.  Organ,  Gen.  T.  Per- 
ronet  Tbomp8on*8,  635.  [its  scale, 
678]. 

Eolic  mode,  Greek,  411. 

Eolic  scale  of  Glarean,  376,  413. 

[Equal  semitones,  their  number  in  any 
interval,  how  ^culated,  743.  in  the 
partial  tones  up  to  the  47th,  table  for 
finding,  745.  logarithms  of  the  first 
12,  to  22  places  of  decimals,  745.] 

Equal  temperament,  its  errors  estimated 
too  lightly  through  ignorance  of  just 
intonation,  498.  now  universal  except 
for  bowed  instruments,  500.  creates 
an  *  awful  din '  on  the  harsh  and  mix- 
ture stops  of  an  organ,  503.  its  four 
sources  of  beats  and  their  effects,  501. 
[calculated,  650,  745.  how  realised, 
659.  reduces  duodenations  to  altera- 
tions in  the  order  of  the  tones  in  one 
duodene,  669  note,  difficult  to  tune, 
784.  practically  imitated,  785.  known 
in  China  200  years  before  it  was  known 
in  Europe,  713,  note,  784.] 

[Equal  triads,  their  character,  784.] 

Equally  tempered  chords,  their  defects, 
497.  [784.] 

Enitosthene^s  data  for  the  older  chro- 
matic tetiachord,  404. 

Erfurt  cathedral  bell,  118. 

Erse  avoid  seven  tones  in  the  scale,  898. 

Essentially  dissonant  chords,  548. 

Essential  scales,  411. 

Este's  book  of  Psalms,  442. 

Esthetic  analysis  of  music,  569.  law  of 
the  unconscious  regularity  of  works  of 
art,  569-571. 

Esthetical  and  physical  methods,  357. 

Esthetics,  scientifically  considered,  deal 
with  the  psychologic,  358. 

Esthonians  reject  leading  note  in  minor 
scales,  441. 

Etruscan  architecture,  359. 

Euclid,  his  definition  of  consonance  and 
dissonance,  342  and  note,  [660,  note], 
his  scale,  414. 

Ettler,  his  investigations,  23,  24.  his 
theory  of  consonance  and  dissonance 
abstracted,  347.  where  defective  and 
how  differing  from  Helmholtz's,  350. 

Europeans  peniape  learned  music  from 
the  Aiabs  at  time  of  crusades,  437. 

Eustachian  tube,  191. 


Even  partial  tones  not  so  easily  heard,  79. 

Expressive  instruments,  309. 

Expression,  dramatic,  fiiftniffis,  363.  in 
music  different  from  that  in  speedi, 
577. 

Extended  intervals,  when  improved  or 
worsened,  204. 

Eye  as  afi&cted  by  alternation  of  excite- 
ment, 256.  compared  with  ear,  as  to 
power  of  appreciation  of  rapid  intermis- 
sions of  sensation,  262.  [compared 
with  ear  and  hand,  in  rapidity  of  re- 
cording observation,  262,  note.] 


"/holes"  of  a  violin,  137. 

False  minor  triad,  527,  [and  note]. 

*  False  relations,*  what  they  are,  and  why 
they  are  forbidden,  562. 

Farabi,  his  scale,  432.  taught  Greek 
music  to  Arabs  and  Persians,  437. 

[Farmer,  his  experiments  on  moving 
strings  by  wind,  714.1 

Feelings,  best  depicted  by  music,  385. 

Fenestra  rotunda  et  ovJ/w,  191,  201. 

[Ferrand,  violinist,  the  intervals  he 
played,  787.] 

FesseVs  resonance  tubes,  their  dimen- 
sions, 585. 

F^tis  conjectures  a  Hebrew  origin  to  ca- 
dences of  reading,  365.  says  that  old 
German  and  Celtic  melodies  are  like 
modem  European,  373.  finds  scales 
with  intervals  of  a  tone  or  a  tone  and 
a  half  among  Chinese,  Malays,  Papuas, 
&c,  396-7. 

Fifth,  its  nature,  285.  a  perfect  conso- 
nance, 295.  determined  occasionally 
by  the  combinational  tones  only,  305. 
found  in  all  musical  scales,  389.  not 
so  pure  a  repetition  as  the  Twelfth, 
302.  justly  intoned,  imperfect,  false, 
and  superfiuous,  examineu,  521-2. 

Fifths,  consecutive,  why  forbidden,  557- 
560.  not  naturally  disagreeable,  559. 
do  not  arise  when  consecutive  chords 
are  closely  connected,  560. 

Fifths,  hidden,  meaning  of  their  prohibi- 
tion, 561. 

Figured  bassos,  381. 

Fine  wire  has  numerous  upper  partials, 

127. 
[Fi8cher*s  determination  of  pitch,  780.] 
[Five-Fifths  scales,  661,  749.] 
Florcke,  on  speech,  162,  note. 
Flue  or  Flute  Pipes,  their  musical  tones, 

138.    wood  and  metal,  described  and 

figured,  139.   pipes  speak  quickly,  143. 

[on  their  source  of  tone,  709.]^ 
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Fluid  of  the  labyrinth  of  the  ear,  202, 

205. 
Flute  concerto,  joke  upon,  811. 
Flute  performancee  at  Pythian  games, 

362 
Flutes^    Greek    a&Aol,   like  oboes,  862, 

note. 
'Forbidden'  progressions,    meaning  of, 

554. 
Force  or  loudness,  16,  17. 
Form     of    vibration.    See    Vibrational 

Form. 
Fi  rte  and  Piano^  on  an  organ,  cannot  be 

produced  by  stronger  blowing,  143. 
Fortlage  notes  Mozart*8  use  of   'Doric 

cadence,'  477. 
[Fou-hi,  Chinese  sacred  trigram,  on  which 

their  musical   intervals  are  founded, 

787.] 

Fourier's  law  or  theorem  enunciated,  52, 
54.  [references  to  its  demonstration 
by  Donkin,  O'Einealy,  and  M.  Ohm, 
705] 

Fourth,  a  perfect  consonance,  295.  not 
admitted  as  a  consonance,  because  of 
the  progression  of  parts,  298.  [Chap- 
pclVs  views  on,  299,  note.]  determined 
occasionally  by  combinational  tones 
only,  305.  why  unsuitable  in  the 
closing  chord,  448.  justly  intoned, 
imperfect,  false,  and  diminished,  ex- 
amined, 521-2. 

Fourths  found  in  all  musical  scales,  390. 

Four-times  accented  Octave,  sensitiveness 
of  ear  for,  169. 

Franco  of  Cologne  includes  the  Thirds  as 
imperfect  consonances  in  12th  century, 
289.  his  arrangement  of  consonances, 
298. 

Free  reed,  144.  [how  IIoImholtz*B  belief 
concerning  their  present  disuse  in 
oigans  probably  arose,  711.  found 
first  in  the  Chinese  *  shang,'  713,  note.] 

French  horn  confused  with  the  human 
voice  at  a  distance.  111.  its  scale, 
149. 

French  pitch.  26,  [779]. 

Full  tones,  173. 

Fundamental  bass  of  a  chord  defined, 
479. 


G 


Gabrieli,  a  contemporarv  of  Palestrinn, 
379.     his  treatment  of  chords,  457. 

[Gaelic  Five-Fifths  scales,  749.] 

CJaels  avoid  seven  tones  in  the  scale,  898. 

Galileo,  23. 

Oalin-Paris-Chev^  system,  688,  note. 

[Galvanismf  its  eflect  on  pitch  of  strings, 
708.] 


GHgenprineipci,  organ  stop  e^laii 
14 1»   [and  note]. 

Oymskorn^  organ  stop,  142,  [and  note] 

[Generic  and  apeeific  Towel  qoalzt 
730.] 

[GtniU  ZUaia^  air  noted  for  eipeRM 
on  vowel  resonance,  737,  note.] 

Gerbert  on  medieval  ecdeciastiod  im 
ciane,  298.  note. 

[German  and  Snglish  habits  of  m^ 
compared,  107,  note.] 

[German  pitch,  26,  779.J 

Ularean,  his  DodecaekonUm,  298,  ITS, 
418.  his  six  authentic  codnaxM 
modes,  376,  418.  attxibntes  diflenet 
keys  to  the  tenor  and  bass,  sopnao 
and  alto,  in  a  oompositioD.  I7(-  ^ 
names  of  eoelesiastJcal  modes  or  aedtf 
contrasted  with  the  Greek,  418. 

Glass  bells,  proper  tones  of,  118. 

Gleits  on  the  £rfbrt  bells,  118. 

Glottis  is  composed  of  nemlmnw 
tongues,  147. 

Goethe's  talent  for  observation,  95. 

[Got,  pronounces  €mi  audibly  vitboot 
voice,  110,  note.] 

Goudinel,  master  of  Palestrina,  879- 

Graham's  *  Songs  of  Scotland'  gi^tf 
Gaelic  melodies,  898. 

[Grave  harmonics,  an  inapplicable  nsoe 
for  dii&rentiai  tones,  230»  note.] 

Greek  architectnre,  359. 

Greek,  music,  ancient  and  modern,  is 
homophouic,  861.  epic  melody,  1661. 
[and  note],  ancient  airs  ended  (S 
dominant,  371.  tetFachords,4a3.  Qotf- 
ter-tones,  408.  *  colooriDgs,' 408.  eir 
more  cultivated  than  ours  for  delietu 
distinctions  of  intervals,  why?  409. 
scales  of  eight-stringed  lyre,  411. 
songs,  ancient  and  modem,  have  vity 
small  compass,  414.  scales,  later,  tb« 
principle  of  their  nomendatnre,  sod 
list  of  their  names,  416.  [Seven-Fiftbf 
scales,  750.] 

Greeks  did  not  acknowledge  Thirds  u 
consonances,  297,  [660,  note],  had  a 
feeling  for  tonality,  871. 

Gregory  the  Great,  settles  the  Roman 
liturgy,  365.  his  cantug  firmiu  had  no 
division  of  time,  374,  879.  his  plsgal 
scales,  417. 

FGreniA's  free-reed  pipe,  609.] 

Guadanini*8  violin,  gives  steadiest  vibii* 
tional  forms,  186. 

Gu^roult  (author  of  French  translatioa 
of  this  workX  bis  explanatioD  of  ia- 
creased  pitch  in  beaU,  248,  626.  [W 
double  manual  harmoniiUD,  simpla 
rzperimental  instmment,  its  tons 
system,  682.    his  harmonium  tt^u 
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ranged  for  one  manual,  with  4  stops, 
687.  his  compass,  how  it  can  be 
played  on  Bosanqnet's  generalised  key> 
board,  697.  he  considers  t^t  the 
players  observed  by  Cornu  and  Merca- 
dier  intended  to  play  in  eqoai  tempera- 
ment, 788.] 

Gnido  d'Areczo,  his  hexachord,  646-6. 
[is  said  to  have  discovered  mean  inton- 
ation, 784.] 

Guitar,  strings,  120. 

Gunther's  pianofortes,  123. 

Gut  strings,  their  quality  of  tone,  128. 


[Hamilton,  J.  Baillie,  his  experiments 
on  moving  strings  by  wind,  as  in  the 
string  organ,  714.  his  feeling  of  the  re- 
lative advantages  of  pipes  and  strings, 
71 6f  note.] 

Hammers,  for  harmonicas,  soft,  116. 
sharp-edged;  hard,  121.    soft,  122. 

Hammer  (JT  ear,  192.  its  articulation 
with  the  anvil  like  Breguet  watch-keys, 
196.  the  efitet  of  this  articulation  on 
combinational  tones,  197.  its  contact 
with  anvil  loosened  when  air  is  forced 
into  the  drum,  and  its  effect  on  hearing 
weak  and  strong  tones,  197.  its  click- 
ing over  anvil  in  ear,  238. 

Hammer-struck  strings,  121. 

Hammer-Purgstall  (Baron  von),  on  Arabic 
music,  432. 

Hdmulus  of  ear,  203. 

Handbells  in  music,  their  tinkling  detest- 
able effect,  119. 

Handel,  his  treatment  of  closing  minor 
chords,  466.  his  dose  in  minor  chord, 
and  chord  without  Third,  or  with  mi^or 
Third,  468.  his  guarded  use  of  the 
minor  close,  466.  his  Doric  cadence, 
476. 

Hanslick  on  the  musically  beautiful,  2. 

Harmonic  upper  partial  tones,  6,  7,  33. 
subtones,  70.  tissues  result  from  es- 
thetical  principles,  368.  tissues  not 
known  till  16th  century,  376-6.  music, 
361,  377.  [scales,  their  principle.  661. 
elements,  662.  cell  or  unit  of  con- 
cord, 662.  heptad,  or  unit  of  chord- 
relationship,  662.  decad,  or  unit  of 
harmony,  663.  trichordals  and  their 
scales,  664.  hepta-decad,  or  unit  of  tonic 
decadation,  666.  duodene,  or  unit  of 
duodenation,  668.  echo,  722-3.  curves 
drawn  by  Mayer,  703.  curves  described 
by  Donkin's  machine,  704.] 

Harmonic  more  lively  than  melodic  im- 
pressions, 666. 


Harmonic  reaction  on  the  construction  of 
scales,  668. 

Harmonicas  of  glass  and  wood,  their 
quality  of  tone,  116. 

Harmonics,  usually  so  called  [distinct 
from  upper  partials,  37,  note],  not 
partial  tones,  but  representing  them, 
73,  80.  on  piano  strings,  81,  83,  86. 
[grave,  old  name  for  combinational 
tones,  230,  note,  of  C,  how  to  note, 
642.] 

Harmoniousness  of  intervals,  shewn  gra- 
phically, 292. 

Harmonisation,  the  only  point  in  which 
modem  excels  ancient  music,  479. 

Harmonium  gives  powerful  differential 
tones,  which  are  partly  formed  in  the 
ear,  236.  justly  intoned,  with  single 
manual,  as  proposed  by  the  author, 
633.  [as  proposed  by  Uie  translator. 
686.  just,  simplex  experimental  instru- 
ment, its  tonal  system,  681.]  vibra- 
tors described  and  figured,  144. 

Harmoniums  owe  their  defects  to  equal 
temperament,  604.  their  peculiar  com- 
binational tones,  632. 

[Harmony,  its  four  kinds,  660.] 

Harp  string,  120. 

[Haseneiers  construction  of  Dr.  Stone's 
contrafagotto,  706.] 

Ha8se*s  researches  on  basilar  membrane, 
218.  220. 

Hauptmann,  wrong  in  allowing  a  Pytha- 
gorean a  in  the  ascending  minor  scale 
of  e,  423,  note,  his  notation  of  pitch, 
424.  his  reason  for  the  old  avoidance 
of  closing  with  minor  chords,  456.  his 
settlement  of  the  intonation  of  the  in- 
tercalary tones,  462.  his  minor-major 
mode,  472.  his  chords  of  the  direct 
system,  631.  his  chords  of  the  reverted 
system,  631.  his  theory  of  the  prohi- 
bition of  consecutive  Fifths,  660. 

[Haydn,  writes  for  deep  contrafagotto, 

707.] 

Heidenhain*s  tetanomotar,  207. 

Helkotrtma,  203. 

Hell  wag,  on  formation  of  speech,  162,. 
note. 

Helmholtz,his  nomenclature  for  the  modes, 
418.  [his  double  manual  harmonium, 
simplex  experimental  instrument,  its 
tonation  system,  682.  his  complex 
harmonium  with  one  manual,  re-ar- 
ranged  for  four  stops,  686.  his  com- 
pass, how  it  can  be  played  on  Bosan- 
quet's  generalised  keylxMml,  697.  his 
physiological  theoir  of  audition  shewn 
in  a  *  working  model '  by  Mayer,  700. 
his  theory  of  the  source  of  tone  of  the 
pipes,  708.    his  vowel  theory,  its  dis- 
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tinctire  character  and  phonalie  Talne, 
739-40.] 

[HelmholtaaQ  or  ikhUtie  temperament, 
652.] 

FHemitonic  temperament,  650.] 

liemoDj  of  Zntphen's  determination  of 
good  tones  in  bells,  118. 

Henle,  on  the  basilar  membranes,  219. 

Henrici  takes  the  upper  partial  tones  of 
tuning-forks  an  Octave  too  high,  105. 

Ilensen,  his  figure  of  the  inner  cone  of 
the  membrina  batiidri$t  208.  his  re- 
searches on  basilar  membranea,  21 8.  his 
observations  and  experiments  on  the  au- 
ditory apparatus  of  crustaceans,  226. 

[Hephtharmonium,  complex  harmonium 
for  playing  in  the  heptadecad  of  C,  687.] 

IUeptad,  hArmonie,  662.] 
lertwhel,  Sir  J.,  on  Willis's  experiments, 

170. 
[Herschel,  Ca^  J.,    his  recurrent   or 

skhisrao-cyclic  intonation,  658.] 
Ilexacbord  of  Guido  d'Areuo,  645-6. 
[Hexharmonium,  complex  harmonium  for 

playing  in  six  decads,   and  shewing 

double  forms  of  the  minor  chord  on  the 

second  of  the  major  scale,  688.] 
HiiUlen  Fifths  and  Octaves,  meaning  of 

their  prohibition,  561. 
HUschaf,  Arabic  and  Persian  scale,  434, 

751. 
High  tones,  heard  in  the  cochlea  of  the 

ear,  nearest  to  the  round  window,  220. 

excite  more  powerful  sensations  than 

low  tones,  wiUi  same  vis  viva,  264. 
[Hill,  organ  builder,  never  uses  free  reeds, 

711] 
UiBsing  consonants,  109. 
[HcMing-ty,  Chinese  emperor,  when  the 

12  £u  were  invented,  786,] 
Hoarseness,  whence  it  may  arise,  154. 
Holes,  side,  effect  of  on  wind  instruments, 

153. 
Hollow,  quality  of  tone,  172. 
Homopbonic  music,  361. 
Horns,  French,   their  tones  and   upper 

partial  tones,  149. 
Hucbald,]  0th  century,  invents  part  music, 

called  organum  or  diaphony,  373. 
Hullah's  pitch,  26. 
Husseini,  Arabic  and  Persian  scale,  434, 

[7511. 
[Huygnens,  his  Cj/clus  Harmonteus,  655. 

pitch  of  its  tones,  764.    examination 

of  its  triads,  784.] 
Hypo-Doric  mode,  Greek.  411,  [750]. 
Hypo-Lydian  mode,  Greek,  411,  [750]. 
Hypo-Phrygian  mode,  Greek,  411,  [750]. 
Hypothesis  of  the  sympathetic  vibration 

of  parts  of  the  ear,  suflftcient  to  explain 

its  apprehension  of  quality  of  tone,  190. 


I  (in  maekins\  its  TMonanoe  eanty,  IM. 

[Imitation  of  equal  telDpezBlBeDtforpn^ 
tical  nae^  7S5.] 

Imperfect  conaananees  of  Franco  of  Co- 
logne were  the  Thirds,  289.  tre  tk 
author's  minor  Third  and  minor  Sidk 
295. 

/fkrusofear,  102,  196. 

Indian  music  homopbonict  361.  iatk 
or  ansa,  87SL  mdodiei,  like  modtn 
European,  373. 

Indirect  tetrads,  531. 

Instrumental  tones  characterised  liyps- 
culiar  noises,  111. 

Intensity  of  tone,  how  measured,  131 

Intercalary  tones,  their  intonatiaB  sods' 
termined,  427. 

Intercalaiy  notes,  their  intonatioii,  461. 

Intercalated  chromatic  notes  the  sols  rb- 
nants  of  attempts  at  gnduatad  is- 
tervals,  666. 

Intercalation  of  tones  in  Italian  mnie, 
law  for,  547. 

Interference  of  sound,  and  its  distbetioB 
from  beats,  240.  from  two  oigu 
pipes  on  the  same  portvent,  242.  &Qa 
the  two  prongs  of  tnning-lwks,  24i 
experiments  on,  with  polyphonic  sinn* 
246. 

Intermittent  sounds  resembling  bosti, 
254. 

Interval,  breadth  of,  how  it  affxii  tke 
audibility  of  beats,  268. 

Intervals,  beating  S3  in  a  second,  291. 
occasionally  determined    by  beats  d 
combinational    tones,    808.     effect  d 
transposing  their  tonea,  by  exteosiaa 
330.     of  definite  extent  are  found  io 
the  music  of  all  times  and  natioos. 
389.    consonant,  diasonant,  and  tem- 
pered with  their  ratios  and  dc^grBtf 
of   roughness,   enumerated,   516-519< 
the  most  clearly  felt  are  not  the  nKSt 
attractive,   676.      [new  notation  f*. 
644.    how  to  calcalate  from  TaUes 
IV   and  v.,  646.     expressed  as  nmi- 
bers  of  tempered  Fiftha,  in  oommstie 
and    skhismatio    temperaments,   646. 
named,  and  expressed  by  numben  d 
equal  Semitones,   646,  746.     smallest 
distinguished,  by  Mayer,  *0087  eq^ 
Semitones,  699.     table  of  their  ^iw, 
nomenclature  and  notation,  746.    naa- 
bers  of  (less  than  Thiidal  contwwd 
in  an  Octave,  748.] 

Intonation  of  different  parts  of  baate 
membrane,  218.  [Just  and  Tempeied, 
tabulated.  761-778.] 

Inversions  of  chorda,  324. 
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Inwards  and  outwards  atriking  toDguei, 

146. 
Ionic  scale  and  mode  of  Olarean,  876, 418. 

Greek,  411. 
Iraky  Arabic  and  Persian  scale,  434,  [751]. 
Irish  scales,  398. 
Irrational  Tetrachords,  406. 
IsrfaAan,  Arabic  and  Persian  scale,  484, 

[761]. 
Italian  architecture,  859. 
[Italian  Opera,  London,  pitch,  780.] 


Jean  da  Mnris  on  consonances,  298 

[Jennings,  builder  of  Bosanquet's  har- 
monium, estimates  cost  for  harmo- 
niums with  similar  keyboards,  696, 
note.] 

Joachim,  found  by  Helmholtz*8  experi- 
ments to  play  in  just  intonation,  507 

Josquin's  plagal  cadence,  457 

Just  intonation,  why  attempts  at  it  have 
hitherto  failed,  501.  in  singing,  685. 
can  be  carried  out  in  singing,  as 
proved  by  tonic  solfaists,  640.  is 
natural  for  uncorrupted  ears,  is  really 
observed,  and  is  easier  than  tempered 
intonation,  640.  [unequally  and  prac- 
tically, 656.  the  sole  foundation  of 
the  theory  of  harmony,  659.  found 
universally  in  harmony  of  unfixed 
tones  by  Gomu  and  Mercadier,  788.] 

Justly  intoned  chords,  how  they  di£fer  in 
eSbct  from  equally  tempered  and  Fy» 
thagorean  chords,  407. 

[Just  and  tempered  intonation  tabulated, 
761-778.] 

[Just  triads,  their  character,  783.] 


Kaim*s  pianofortes,  123. 

[Kastner,  Fr.,  his  pyrophone,  or  instru- 
ment formed  with  singing  flames, 
720.] 

[Kauftaiann's  reeined  cylinder  pressed 
against  strings,  720.] 

[Kempelen  on  vowels,  740.] 

keppler^s  musical  imaginings,  347. 

Kettle-drum,  its  proper  tones,  and 
tuning,  110. 

Keynote,  or  tonic,  368. 

Kiesewetter,  inclined  to  deny  what  does 
not  fit  i9t4>  the  major  and  minor  scale, 
361.  on  Arabic  mnsic,  431,  note,  at- 
tributes Persian  scale  of  12  semitones 
to  the  Christian  missionaries,  436. 
[prereDt«d  by  equal  temperament  from 


thoroughly  understanding  Arable  mu- 
sic, 661.] 

Kircher,  Athanasius,  finds  the  microcosm 
musical,  847. 

Kissar,  or  five-stringed  lyre  of  North 
Africa,  807. 

['  Klang '  used  for  *  compound  tone '  by 
Heln^oltz,  86  note,  90  note.] 

[Knox's  Psalter,  442,  note.] 

koenig,  his  two  large  tuning-forks,  witli 
24  to  61  vibrations,  coald  scarcely  be 
heard  for  28  vibrations,  268,  note, 
makes  the  author's  resonators,  580. 
his  manometric  fiames,  581.  [determi- 
nation of  vowel  resonances,  724.  his 
forks  for  vowel  resonances  experi- 
mented on  by  Sedley  Taylor,  784. 
on  vowels,  740.] 

KoUiker  estimates  that  there  are  3,000 
of  Corti's  arches,  221. 

[Kratzonstein  on  vowels,  740.] 


L,  its  trill,  110. 

Labyrinth  of  ear,  190.    described,  201. 

|Ladd  sells  Koonig's  apparatus,  580.] 

Lamina  tpirdlit^  204. 

Larynx  and  its  membranous  tongues,  146. 

Lateral  decads,  666. 

[Latin  epic  melody.  367,  note.] 

'Leading   note,'  437.      existed    in   old 

Greek  Lydian,  441. 
[Ltonard,    violinist^    the    intervals    he 

pUyed,  787.1 
[Liewis,  organ-builder,  never  used   free 

reeds,  712.] 
lichaon  of  Samos  forms  scale  of  disjunct 

tetrachords,  409-10. 
[Liddle's  pitch-pipes  for  beats,  and  fifes 

for  differential  tones,  253,  note.] 
lAgamentum  mallei  atUerius,  194.    poste- 

Hum,  195. 
Limits  of  audible  pitch,  27. 
[Lindsay,  Lord,  construction  of  string- 
organ  in  his  laboratory,  717.] 
[Ling-Lun  arranges  Chinese  scale  of  12 

Lu,  786.1 

Slinking  (u  chords  together,  552.] 
ps    are    membranous    tongues,    147. 
their  action  in  sounding  brass  instru- 
ments, 147. 

Lissajous's  mode  of  observation,  128. 
[his  curves,  mechanically  described  by 
Tisley's  machine,  704.  his  determina- 
tions of  pitch,  780.] 

[Liston's  organ,  its  tonal  system,  676.] 

Locrian  mode,  Greek,  411. 

[Logarithms  converted  into  numbers  of 
equal    semitones,   748.     for   mnsieal 
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poor,  rich,  dnll,  bright,  be,  113.  ita 
KKnenI  ehftnetar,  173. 

Miuical  tone,  numplifltid,  II.  periodic, 
II.  difleriDg.  bj  force,  pitch  and 
quilii^.  le.  l«ei  marked  in  ^waking 
(han  in  nngiiig  rowel*,  110.  lU  qna- 
lily,  172. 

Mnricalloneewiihont  upper  purtiaU,  113. 
with  inhiuiiinnic  upper  pHrtiala,  114. 
of  itrinm,  130.  of  bowed  iaatm- 
ments,  128.  of  nedpipce,  113.  {oew, 
730.1 

Hnsica]  Tibratioaa  Tinbia  and  tangible, 
1). 

Mf  Pfff^  it  a  yoM^  liimg,  air,  401. 

iniit  (opoMom  ihnnip)  ntjiins  iu  hear- 
ing afUr  ill  otolitba  hare  been  eitir- 
pw«d,  33A. 


N.  Its  maanance  ciintif>a,  1S9. 

Nas^  qnnliC;  of  tone,  dne  to  abaence  of 

even  pu1i>i]i>,  173. 
Ifaaala,  aa  U,  N,  heaid  ftutbar  than  con- 

■onanta,  111. 
'  Natural '  dore  net  imply  benatifnl,  3S3. 
NHtnrat  chorda  often  diaaonant.  363. 
Nfttntsl  Sovanth,  why  inteirala  inroMng 

it  are  not  need  as  conaonanoea,  2t6. 

whj  not  used  in  harmony,  S30.  [efaonli 

of  63*,  Dote.1 
Nnumann  on  HaDptmann'a  Hegeliuutin, 

421,  note. 
Navel  of  drumilciD,  200. 
Neidhaid,  one  of  the  inventon  of  the 

equal  temperament,  500. 
Nerro  of  cochlea,  iU  eipHDaion,  207. 
Nerrea,  their  analog;  to  telegraph  wires, 

221. 
Kerrea  of  the  veatibule,  their  tennina- 

tiona  described,  206. 
Semi,   Arabic    nnd   Persian   scale,   433, 

[760.7811. 
Newton's  investigations  of  the  motioo  of 

strings,  33. 
NO.  ita  reaonanee  cavities,  160. 
Nicomochus  on  the   eoiDparison    of  the 

■even    (ones   with   the   seren   planet«, 

36S,  (and  note],    quotes  Philolaus  on 

tlia  dirisiona  of  the  siz-loned   scale, 

8B7. 


12. 
Noises,  irregular  but  characteristic,  a 

companying  tones  of  musical   iostt 

ments,  101.  108.    thsy  disappear  at 

distance,  111. 
[Noisea  accompanying  towcIb  are  mo 


OLTHPtM 
krtnaii  tluaii  Aiglia 


/ToMoa,  mrlodieB,  tlianiea,  SU. 
Notthcote,  Mica,   blind  oiganiit  vl 

T.  PariDDet  TfaoDpsoii'a  Babtr. 

Orgui,  63S. 
Note*.  miuictU,  7. 
[Nndnna  of  decad,  863.] 
[Number  of  jiiert  toatm  nniiirad  Jcr 

dem  modulation.  Table  IV.,  7M^] 


0  (m  the  o  in  nu>n>>,  its  r 
167,  and  ita  pitch,  IM. 

0>  (nearly  m  the     " 
oarity,  168. 

Otijartire   combtnational 
phonic  dren,  330. 


««).  ; 


Oboe,  Its  longnea  or  reed^  MS.  its  f 
lial  tones,  H6.  Its  cunmml  m 
aoce,  003. 

El  defined,  86 3.] 
avbI  bumotiy,  660.] 
re,  difBenIl7  in  distingaiabiag  I 
Octave  in  vhich  a  row«l  is  aonft 
note  played,  lot.  its  natnrF,  D 
And  double  Odare  abaolnte  nm 
ancea,  3W.  foond  in  aU  Keni 
Malea,  3S9.  produces  no  paitkli  i 
heard  in  lower  tone,  390. 

Octaves,  consecutiTe,  why  fwfaiddeeh  ii 
hidden,  meaning  of  ueir  probitatic 
661. 

Odee  snug  in  Greece,  3flS. 

Oettingen,  A.  Von,  hia  notation  of  fHt 
introdaced,  439.  bis  npoit  of  tl 
Esthonian  rejection  of  the  leading  nol 
441.  curies  ont  the  anali^y  betn 
the  major  mode  and  mode  of  pie 
Sixth,  478.  hia  phonic  syilem 
musical  composition,  667.  [lor  pfii 
ing  purpoaes  his  notation  may  be  n 
veoiently  replaced  byBoBanquet's,Oi 

Ohm(G.  S.),  his  Uw,  84.  enoDciib 
61.  and  proved  by  expnimeni,  t 
his  eipenmeot  with  two  violins,  rati 
for  two  bottles.  103,  lOS.  hi*  (a 
■  illusion  of  tiie   tar'   otyectMl  to 


[O'Kinealy's  proof  of  Fooriei's  theon 
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into  the  old  enhArroonie,  397.  hU 
ancient  enhartnonic  tetraehord,  404.  . 

[Onriow  writes  for  deep  contrafagotto, 
705.] 

Opera,  the  most  actiTe  cause  in  the  de- 
Telopment  of  modem  harmony,  381. 
arose  from  a  desire  to  rehabilitate 
Greek  traged^r,  381. 

Opossum  shrimp  {mysta),  its  auditory 
hairs,  225. 

Order  of  harmoniousness  of  consonances 
independent  of  key  or  modulation, 
297. 

Organ,  its  pipes  on  the  same  portrent, 
their  isterference,  242.  its  flute  pipes, 
do  not  define  harmonics  well,  311.  its 
narrow  stopped  pipes,  not  good  for  the 
mass  of  harmony,  312.  [its  principal 
work  explained,  141,  note.]  its  prin- 
cipal work  good  for  harmonics,  311. 
its  reed  pipes,  144.  its  reeds,  described 
and  figured,  144.  its  reed  pipes 
and  compound  stops,  only  fit  for  ac- 
companying a  congregation,  312.  its 
wide  stopped  pipes,  unsuited  for  com- 
binations of  harmony,  their  use,  310, 
311. 

[Organ,  the  string,  714.] 

Ui^g^  stops,  compound,  1^3.  comet,  91. 
Geigen  principal,  91,  141.  Gemskom, 
142.  princiwd,  91.  quintaten,  50, 
142.  Bokrjlote,  142.  Salicional,  142. 
Suquialtera,  91.  SpUzftoU,  142.  viola 
digamha,  141,  [710].  violonbass,  141. 
violoncello,  141.     [violone,  141,  note.] 

Organttm  or  diaphony  of  Hucbald,  378. 

0$  ofhicuiare  of  the  stirrup  of  the  ear, 
198. 

Oscillations,  12. 

Ossicles  of  ear,  102. 

Otoliths  of  ears  of  fish,  206.  of  ears  of 
crustaceans,  225. 


P,  T,  K,  German  and  English,  107. 

Palestrina,  by  the  less  perfect  positions 
of  chords  attains  an  expression  now 
coarsely  given  by  discords,  340,  457. 
his  choice  of  chords  in  Stahat  Mater, 
841,  379.  commissioned  to  remodel 
Roman  Catholic  Church  music,  378. 

Parkypate,  a  kind  of  descending  leading 
note  to  the  hypatS,  370. 

rParis  pitch,  780.] 

[Paris  prize  choir,  how  affected  by  a 
piano  accompaniment,  814,  note.] 

Part  music,  its  invention,  373. 

Partial  tones  defined,  34.  why  so  difficult 
to  distinguish  by  the  unassisted  ear. 


101.  of  strings  plucked  or  struck  by  a 
hammer,  table  of  their  theoretical  in- 
tensity, 126.  [first  32  of  C^  how  to 
write,  642.  pitch  of  the  first  47  of 
C  reduced  to  the  Octave  <f  to  &',  766- 
778.] 

Passing  notes,  547. 

Paul,  conjectures  that  Hucbald's  part 
music  consisted  of  canonical  responses, 
373. 

Pendular  vibrations,  34  and  note. 

Perception,  the  mental  image  of  external 
objects,  deduced  from  sensation,  94. 
when  simple,  often  depends  on  compli- 
cated sensations,  99. 

Perfect  consonances,  fifth  and  Fourth, 
295. 

Peri  invents  recitative,  364,  375,  381. 

Periodic  motion  defined  and  exemplified, 
12,  13. 

Periodic  motions  combine  to  form  new 
periodic  motions.  46. 

Periodicity  is  independent  of  form,  48. 

Persian  scale  of  12  semitones,  436. 

[Persian  scales  re-arranged  on  the  prin- 
ciple of  successive  FifUis  of  which  some 
are  flattened,  751.] 

Persian  tonal  rfrstem,  430,  [751]. 

Petrous  bone,  in  which  the  labyrinth  of 
the  ear  is  embedded,  202. 

Pflueger's  Archiv,  198.  note. 

Phases,  effect  of  altering,  48.  differences 
of,  52.  do  they  affect  quality  of  wire  ? 
174.  answer.  No,  184,  186.  their  re- 
lation to  loudness  of  resonance,  182. 
made  risible,  185.  of  waves  caused 
by  resonance,  608. 

[Philharmonic  pitch,  780.] 

Philipp  de  Vitiy,  on  consonances,  298. 

Philolaus  quoted  by  Nicomachus  on  tho 
divisions  of  the  six-stringed  lyre, 
397. 

Phrygian  tetmchord,  405. 

Phrygian  mode,  Greek,  411,  [750].  Gla- 
rean's,  376,  413. 

Phrynis's  nine-stringed  lyre,  414. 

Physical  and  esthetical  methods,  357. 

Physics,  scientifically  considered,  deal 
with  the  technical.  358. 

Physiological  effect  of  rapid  intennit- 
tences  of  sensations,  254,  255. 

Pianofortes,  why  the  upper  tones  need 
but  few  partials,  317.  peculiar  nature 
of  its  quality  of  tone  idlows  of  disso- 
nances which  would  be  very  harsh  on 
other  instruments,  317.  and  fovours 
equal  temperament,  503. 

Pianoforte  hammers,  their  nature,  differ- 
ence, and  effect  on  tone,  128. 

Pianoforte,  its  echo  of  vowels,  104,  [189 
note]. 


riagi,  their  upper  nHinls  ind 
■atct.  81,  B3,  86.    -whftn  struck. 


i1  item*  nuthsmaticAllT 
invMti|t«tsd,  S89. 

Pitfh  depends  on  vilintional  period  or 
number,  17,  IB. 

Piteh,  or  reUtifB  height  of  tnne,  16,  17. 
of  ni«nitininoQB  tongaea,  how  iJtfied, 
147.  of  reeonnncB  e»vitiee  of  month, 
how  detFrmined  by  Donden,  1S3. 
when  diffrrtnt  b«ird  bj  different  nerre 
fibres,  222.  alien  by  inUiriiU,  nnd 
not  «ontinuoiuI^,  381,  rnotalion  of, 
for  iniit  intonation  in  orUinaij  Ijpo- 
gTHirtij,  842,  760.  and  in  muiieil 
■jpography,  643,  abeolnte.  noted,  643. 
how  to  calculste,  944.  tnble  of  itB  no- 
tntinn  for  jurt  intonation,  742.  t&bla 
of  it4  Tnlue*  in  diKrent  intonaCione, 
706-778.  of  c"  and  a'  in  oie  in  differ- 
ent counlriea  nt  diSereot  time*  as 
dtandiudii,  26,  643,  770.] 

PinH  IV.  nnlcn  change  in  cccleaiaatical 
TDDrie.  378. 

Pinicsto,    !20,     very  penetrating,   108. 

FUk»I  >catr«,  410.  of  Pope  Oregoi;, 
417.    cadence,  462. 

Plnyford'B  '  Dancing  Hiuter,'  401. 

Plectrum,  121, 

Pliicl[(«d  Wrings,  121.  their  motion  ms- 
themntimlly  inTotigated,  682. 

Pluljirch,  di  Miniea.  362.  dwells  on 
small  compasB  in  Orook  mnsic  403. 

Pulitzer's  ioiierlion  of  glass  tube  into  the 
round  window  of  the  ear,  202. 

PolvphoDic  mnxic,  S6I,  373.  clowd  on 
UiMC  note,  447. 

Polyphonic  siren,  22.  giT*s  powerful, 
dineroDtial,  and  summattonal  tones. 
2.16.  flgumd  and  dMcribe.1,  243-240. 
appamtuB  for  opening  the  holes  de- 
Bcribod.  635. 

Polyphony  proper  tho  result  of  discant, 
374. 

FcwIp,  hii  organ,  S35.  [hie  tonal  system, 
S77.  678.  note,  his  compass,  how  it 
can  bo  pUjod  on  Bosanqnet's  gpneral- 
iaad  keyboiird.  697-  his  doable  sod 
triple  hannony,  634,  note.] 

Poor  tones,  173. 

Pope  John  XXII.  blames  major  Serenths, 
441. 

Popular  music  moelly  in  the  mi\jor  mode, 
463. 

[Prwtieal  cyclic  inton.ition  for  Bosan- 
qnet's cycle,  657-8.] 

[Prarlical  cyclic  triads,  their  chnniclcr. 


QUALITT 

.. flneaM  on  pa. 

Pmotoriiu  on  '  walresi'  49*. 

oniToraal   CTmb^om  with  19  it 

to  the  Octai-a,  490. 
Prcpafation  of  diaaoBant  note,  U9. 
Prime  tone  dvSaod,  SS. 
Prime   tones  in    deep  miuieil  nou 

oftea  not  an  load  a*  Oa  fliM  apfet 

tiaj  tonos.  266. 
Prineipa/s/immai    of   organs  e^I* 

141. 


Prohibits  profRcanona,  meaniyo'. 

Fnper  tonea  of  eircalar  elasoc  jk 
117.     of  glaaa  bella,  118. 

Protdstanlieni,  ita  mtuieal  dieet,  177. 

PtolciDT,  his  data  tia  the  diatooie  u 
chord,  404.  Ids  equal  diatonic  ti 
chord,  406. 

Punctuation,  how  acng  aeeoriUpg  to 
CUBIoma  of  Unsatcr,  SK. 

AmrfamoaeniM,  or  bliod  point  (tf  the' 
9S.  ita  sizo,  97.  why  not  olaond. 
discovered  by  Hariotte,  and  shen 
Chatlea  II..  97. 

PnrkinjV,  96. 

[■Prrophone,'  Kastner'a,  721.] 

Pyllut^ims,  his  nasiciLl  lava,  1, 1 
382,  668.  setUcfl  the  ei^t  itpti 
the  scale,  inclndins;  the  Odsn.  I 
hisenigma:  ' Why  is conaooann de 
minrd  by  the  ratio  of  mull  ^ 
nnmben  7'  how  aolred,  3(6.  his  I 
mony  of  the  epberea,  347.  hi»  s 
renounced  by  Arehytaa  and  At 
Eadir,  666. 

Pythagorean  coaparieoa  of  the  •< 
notes  to  tho  seTen  plnnets.  169.  ii 
nation  of  the  Doric  tetrachoid,  4ft 
Thirds,  their  melodic  effirt,  409. 
tonation,  428.  [intonation  attribi 
to  violinists  in  melody,  by  Cons 
MBFcadiiT,  788.  temperament.  ( 
tonoB.theirpitch,  764.  triadaaiani 
785,] 

Pjihian  games  give  priiea  forflnU 


QuiUilJitive  diff'rencea  of  tone  rcdiK 
quantitative  differences  in  the  ei 
ment  of  certain  nerve  flbrea,  223. 

Qnnlityof  tone,  6,  16.  doea  not  do 
on  ampiitqde  or  mpidity  of  ribra 
but  on  form.  28,  32,  hitherto  crc 
with  all  posMhle  peculiarities,  106 
say  thet  it  dependa   upon  ribnt 
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form  is  a  merely  negative  statement, 
106.  musical,  defined,  109.  the  same 
for  all  simple  tones,  and  its  character, 
113.  altered  for  simple  tones  by  the 
introduction  of  new  simple  tone,  103. 
of  pianoforte  strings  in  different  pirta 
of  the  scule,  123.  of  strings  varies 
with  place  of  excitement,  124.  of 
violins,  as  depending  on  the  air  cham- 
ber, 138.  of  tones  of  different  instru- 
ments, their  general  character,  172-3. 
independent  of  difference  of  phase,  and 
depends  solely  on  tha.  relative  loudness 
of  the  upper  partial  tones,  184,  186. 
the  hypothesis  of  its  apprehension  by 
sympatnetic  vibration  of  parts  of  ear, 
190.  how  perceived,  222.  its  effect 
on  harmoniousnesB  of  intervals,  294. 
what  kind  of  it  favours  tempered  into- 
nation, 502.  [artificial,  formed  in 
chords,  estimated,  795.] 

[Quanten,  von,  his  objections  to  Prof. 
flelmholtz*8  vowel  theory,  73 1 .  his  ap- 
parent misconception  of  the  same,  733.] 

Q<lartertone«,  in  Greek  tetrachords,  407. 
in  Arabic  singing,  408. 

Quartetts  of  bowed  instruments  by  play- 
ers not  used  to  play  together,  why  often 
harsh,  316,  [and  note].  506. 

Quartetts  of  voices  among  amateurs,  justly 
intoned,  509. 

[Quartoni,  four  combined  simplex  har- 
monium^  how  arranged,  685.] 

[Quintal  or  Tythagorean  temperament, 
649.  harmony,  660.  its  scales,  749- 
761.] 

Quintaien,  organ  stop,  means  quintam 
tenenies,  142. 

[Quint<)ni,  five  combined  simplex  har- 
moniums, how  arranged,  685.] 


R 


B,  its  trill,  109>10:  produces  beats,  254, 
[and  note]. 

Radical  note  of  a  chord  defined,  480. 

Bakcuny  Arabic  and  Persian  scale,  434, 
[761]. 

Rameau  hears  upper  partials  of  human 
voice,  155.  his  theory  of  consonance, 
361.  first  therjretically  recognises  the 
value  of  the  different  tones  of  a  chonl, 
479.  his  temperament  ic  1726  de- 
scribed, 499.  his  fundamental  bass, 
545-6.  his  understood  fmidameutal 
ba^8,  390.  his  resolutions  of  the  chord 
of  (he  added  Sixth,  551.  his  rule  for 
the  progression  of  the  fundamental 
bass,  552.  his  formulation  of  the  am- 
biguity of  the  minor  chord,  653. 


Rasty  Arabic  and  Persian  scale,  494, 
[751]. 

Rational  construction  of  diatonic  scales, 
418.  degrees  of  major  and  minor  scales, 
419. 

[Rayleigh,  Lord,  his  observations  on 
Mr.  fiosanquet's  mathematical  inves- 
tigation of  the  string  organ,  719.  his 
observations  on  the  B^lgebory  Park 
echo,  722.] 

Recitative,  its  intention,  364. 

Recussua  dlipttcus  and  sphaericus,  203. 

Reed  pipes  of  organs,  144.  how  in- 
fluenced by  resonance,  60 1 .  their  quality 
of  tone,  due  to  the  pufi&  of  air  as  in 
sirens,  and  resonance,  150. 

Reed  stops  of  organs  described  and 
figured,  144. 

Reeds  free  and  striking,  their  construction, 

144.  [manufacture  and  use  in  oigans, 
711-12.] 

Reeds  of  clarinets,  oboes,  and  bassoons, 

145.  See  also  Tongues. 

[Reds  and  strings,  their  mutual  action 
when  combined,  as  in  the  string  organ, 
715.] 

[Refiection,  its  effect  in  resolving  com- 
pound tones,  721.] 

Registers  of  the  voice,  150.  [their  in- 
fluence on  vowels,  166,  note,  shewn 
by  a  diugr:im,  729,  note.] 

[Regnnult's  experiments  on  transmission 
of  sound,  and  effect  of  intensity,  721.] 

Reis.sner  s  membrane,  204. 

Kelationship  of  compound  tones,  direct, 
544.    indirect,  545.     of  chords,  450. 

[Relative  decads,  666.] 

Release  and  attack  of  tones,  106. 

Renaissance,  architecture,  360. 

Resemblance  of  features,  indescribable 
but  clearly  felt,  an  illustration  of  resem- 
blance between  notes  and  chords,  574. 

Resolution  of  dissonant  note,  549.  of 
chords  of  the  Seventh,  555. 

Resonance  of  the  ear  passages,  168. 
influence  of  on  reed  pipes,  601.  sym- 
pathetic, relation  of  its  strength  to  the 
lengtn  of  time  required  for  the  tone  to 
die  out,  612.  tubes  chnnm}  the  tones  of 
tongues,  152.  bottle  with  membranous 
covet,  66. 

Resonators,  dcscribi'd,  68.  use  of  in 
hearing  upper  partials,  82.  spherical, 
applied  as  resonance  chamber  to  a  reed 
in  unison,  their  effect,  152.  their  size 
and  construction  ,579.  made  by  Kooni?, 
580.    of  tin,  made  by  Appun,  581. 

[Resultant  tones,  Tyndalls  name  for 
combinational  tones,  230,  note.] 

Retrospect  of  physiological  and  physical 
rcHults,  341. 
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Spanking  Aud  ainipng  differ  i d  thr  mode 

of  t>Cii[ing  »B  Ihc  niin.  lU. 
Sftirifiiilt,  iirsnn  ■t«p.  H2. 
StAlI   or   inilinur}'    nutntioo.    il>    ineon- 

TcnicDcn,  S3S. 
BUft,  nr  ilimip,  of  the  ear,  193. 
BtereoMope.  in  naluni,  98. 
Sltreuwociic  TiniiiD,  98. 
Htimipiifav,  192,198. 


(fH.,».. 

■Mronomir, 

rtpx 

tion« 

263,  o'lte.] 
I)r.  W.  rf.. 

(Ston-. 

m«.«b«.  on  d«p 

b.nn- 

705.  !.«(:> 

oti»lMU*o.7M.  len- 

■I'm 

«ni.  7<h;.    ne 

706. 


ip^nm, 


«ii«nng^  , 


18.] 


in  pUjiii« 
rfii-L-tufff.iliui 

Stonrti,  IIIIlllt'>iT. 

StiarliTruio'it  nolin,  137. 

{UnHouiBi  or  HtnJirario,  137- 

Strawflddle,  iu  qmli^  at  taut,  US. 

Atriktnff  iniTArdi  inl  uotvardB.  HS. 

MriLiDK  rvwix.  U4.  [buw  Ileimbalti'* 
Wlii'f  ron'vriiinit  their  disiue  in 
orn«n»prol«ii,ljBi™«,  711. J 

(StriiKforipra,  tho.TI*.J 

Strin^D  (rln.'ii'hnl),  thi'ir  moilc  of  libra- 
tion,  *l.  thvir  nppi-r  pnttiiilB  and  Ihvir 
bnrmnnini,  73.  their  njirpBtheiic 
Tilirxliimii,  74.  plm-krd,  lb«r  Ibnni, 
mill  muile  of  ictinn  thmugli  a  bridge. 
S.'i.  HB.  plurkui,  tiii'ir  motiun,  matlie- 
mnti.-iiUj-  inTinligalwi,  fi82.  struck  or 
plucked  hmr  numcioafl  upper  parli.itB, 
ISO,  131.  Mruck,  vitfa  held  shaip 
edpio,  ami  soft  hammer,  121.  their 
liiffirent  i]nn1tlii«  of  tone,  necording  In 
til.'  place  of  ebiti'ment.  124.     Ubie  of 


upper  piutiala  127.  their  lympatbelic 
retHJiiiucu.  6H9.  of  pianofiirte,  thi'ir 
Tibraliunal  forms  mHtberoaticallj  in- 
venligatcd.  680.  of  violins,  their 
TJI'mtionnl  forma,  131.  nf  violina, 
analj-n*  of  their  DiotiuD,  996.  [com- 
bined with  rooda  on  the  rtrirg  organ, 
71S.1 

Struck  elringi,  their  qnalitj^  of  tone 
pnrlly  dependu  upon  the  rapidity  with 
which  it  diesnvii!',  108. 

Style,  fn-ely  nelecteJ  prinoiple,  S66. 

SabdominatiC  clorJ  and  its  relation  to  the 
toiiioeh..rd,  4fit.     [decnd,  860.] 

SobjcrtiTt  phenomena,  95. 

Sabtonrf.  Iinrmonic  70. 

Suitea  of  S.  Bnch  iind  IlaDdel,  3  75. 

Sommiitionil  tonfa,  or  eombi national 
tones  whoan  Tibrational  Dumbora  iire 
the  amna  of  thow  of  their  genenton, 


TKMPKMAME51S 

diaiMTnad  Ij  HeJaholEi.  t»> 
amplM  «C  134.  veaker  ttea  lU 
tial  tADCs.  ao. 
SnparimpoHtiuna  of  wiTta,  tl. 
•DQiuLi,  42.  (tf  aoCe  ud  Octat 
nf  noCt!  Bnl  Twelfth.  4ll 
SnppleniMitAij  notoa  of  a  nak,  ik 

tooadoii,  490,  4«3. 
SupetuioD  of  diaaoBaat  nota,  Mi- 
Swio^  or  oacOlatioBa,  II. 
SylrMter  otabltalia  tlie  BamtB  win 

ringing.  MA. 
SyupaUietie  rcaonuics  and  Tibntin 
illnxtrated  by  Tiolio  itiiiv''  ^'' 
IvIl-riDging,  ii.  bjr  riag  peadi 
£8.  Iitkaa  placa  when  matiag  r 
tiona  hsTo  a  aimple  tibralioii  ce 
pOEiiing  tt>  ihMl.  of  aympatkiiiii; ! 
60.  of  tooing-fiwk^  64.  of  Kl 
6S6-  ita  relalion  to  tba  tine  of  i 
oirt,  SI2. 
SympatlieticTibiation  of  peamfiiitarC 
with  Toin,Sl. 104,  [lS0,Bale].  ■ 
tiinea  posaihle  when  there  i*  oM  ( 
corrtapondence  of  periodic  tirae,  6! 
tuning-forks,  63.  of  atntdied  Mr 
wiiii  ezperiments,  74.  of  ear,tbi 
potheais  of,  would  explain  ill  a; 
hension  of  quality  of  loae.  194. 
the  ear.  how  Kffeetad  by  difiavoi 
pitch.  213,  216. 
Sympathetical  ribretinK  bodita  rit 
in  the  pitch  of  the  exciting  tone, 
when  tJiat  ceases,  in  theil  own  I 
216. 
Synemmenai,  t«<r>u:lioid,  377. 


Tartini  ealimates  all  eombi natioaai  I 
«n  OctJiTe  too  high,  106.  [hii  i 
f«(oin"orft>nibinational  tones.  230.] 
theoiy  of  consonHnce,  3S1.  hii 
coTBtyof  eombi  oat  ionsl  tones,  Ul 

[Taylor.  Sedlej,  on  vAriation  of  pitd 
boating  tones.  626.  his  ezperinwM 
Koenig's  forks  for  the  rowel  reaouu 
734,  note,  hia  axperimenti  On  Ti 
reeonnnce.  736.] 

[Telegmph  nt  night  by  vowela  only. 

Telegraph  wires,  their  annloKT  to  ne 
224.  ^" 

Timponiment,  its  effeict  on  aingen. 
its  ndvnntBgcs  hialoricallj  in  the 
prorement  of  muaic,  498.  faaea  d 
ent  intervals,  H2a. 

[Tempernmenta,  their  object  «nd  ft 
mental  reUtiona.  647,  unifonn 
eanmatic     ayatcai.     Pythagoreai 
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quintal,  menn  or  meantone  or  meso- 
tonic  or  tertian,  649.  commato-skhis- 
niAtic  system,  650.  equal  or  hemitonic 
skhisniatic  B}>tein,  skhisniic  or  Anibic, 
051.  skhistic  or  Ilelniholtzian,  com- 
porative  errors,  652.  ejclic  systems  and 
table  of  chief  cycles,  653.  cycles  of 
30103,  3010,  and  301,  p.  654.  Bosan- 
qQci*8  cycle  of  63,  commatic  cjcle  of  53, 
Huyglfen's  cyclus  harmonicus,  655. 
cycle  of  12,  unequal  temperaments,  un- 
equally just  intonatiou,  practictilly  just 
intonation,  656.  pntctical  intonation 
for  Bosanquet^s  cycle,  657-8  how  they 
are  realised,  659.  practical  unequal 
imitation  of  equal  temperament,  7 85. J 

[Tempered  consonant  intervals  compared, 
652.  782.] 

Tempered  instruments  misl ead  singers, 509. 

[Tempered  intonation,  how  to  note,  643.] 

Tenth,  major,  better  than  major  Third,  297. 

Tenuis,  consonants,  107. 

Terpander,  382,  568.  his  CUhara  of  six 
strings,  com^  osed  of  a  tetrachord  and 
a  trichord,  397. 

[Tcrquem's  tonometer,  705.] 

[Tertian  harmony,  060.  its  scales,  752- 
758.] 

[Tertian  or  mean  tone  temperament,  649.] 
Tetrachorv-al  scales,  667,  757.] 
Votrachords,  of  the  Greeks,  connected  and 
separate,  392.  of  Olympos,  old  chro- 
matic, diatonic,  of  Didymiis,  404. 
Doric  or  of  Pytluigoras,  Phrygian,  Ly- 
dian,  4u5.     irrational,  406. 

Tetrads,  consonant,  their  most  perfect 
positions,  337-8.  dissonant^  direct  and 
indirect,  531. 

Thebes  in  Egypt,  flutes  found  at,  416,  note. 

[Theoretical  English  ^itch,  780.] 

Thickness  and  material  of  strings,  their 
efii*ct  on  quality  of  tone,  127. 

Third,  major  and  minor,  their  nature, 
288.  nugor,  a  medial  consonance,  295. 
minor,  an  imperfect  consonance,  295. 
miyor,  between  simple  tones  does  not 
beat  if  mistuned,  304.  occasionally 
determined  solely  by  combinational 
tones,  306.  and  Sixth  of  simple  tones 
not  wpII  defined  when  struck  alone,  but 
when  struck  with  Fifths  or  Octaves 
well  defined  by  combinational  tones, 
307.  its  invention  not  obvious,  393. 
justly  intoned  major  and  minor,  and 
Pythagorean  minor,  examined,  519-20. 
diminished,  examined,  524. 

Thirteenth,  major  and  minor,  worse  than 
Sixth,  major  and  minor,  297. 

Tkompeon,  Gen.  T.  Perronet  [his  life, 
635,  note.]  his  Enharmonic  Organ, 
and  work  on  just  intonation,  635.  [tonal 


syf^m  of  his  organ,  678.  cost  of  its 
manual,  606,  note,  his  use  of  the  cycle 
of  53,  p.  655.] 

Thorough  Imss,  3. 

[  Timf/re,  original  and  derived  meanings  of, 
364,  note.] 

Tinkling  of  string,  how  produced,  125.  of 
bass  and  soprano  voices,  168. 

[Tisley  and  Spiller,  makers  of  Donkin's 
machine  for  the  mechanical  description 
of  compound  parallel  vibrations,  and 
inventors  and  makers  of  a  machine  for 
compounding  rectangular  vibrations, 
704.] 

Tonality,  7.  a  term  due  to  F^tis,  368. 
the  leeling  for  it  destroyed  by  equal 
temperament,  510,  [6691. 

Tonal  modes,  the  five  melodic,  418.  their 
tonic,  dominant  and  subdominant 
chords,  453.  arranged  in  Thirds  to 
shew  their  major  and  minor  chords, 
459.  distinguished  by  tlie  major  or 
minor  character  of  their  subdominant, 
tonic  and  dominant  chords,  in  a  table, 
480.  [this  principle  carried  out  by 
trichordal  scales,  664.] 

Tonal  relationship  of  the  first  and  second 
degree,  395.  expressed  by  common 
partials  in  a  table,  396. 

Tonal  relationship,  principle  of,  565.  ita 
cause,  not  an  object  of  conscious  percep- 
tion,  572. 

Tonal  system,  modem,  its  fundamental 
principle,  382.  [practical,  how  reduced 
from  complete,  673.  of  48  tones,  prac- 
tically sufficient,  679.] 

[Tbn,  German  word,  usea  exclusively  for 
simple  tone  by  Helmholtz,  36,  note.] 

Tone,  a  musical  sound,  defined,  35.  [why 
the  word  is  not  used  for  a  simple  tone 
exclusively  in  this  translation,  36,  note.] 
used  (in  this  translation)  as  an  indefi- 
nite term  applied  to  either  a  simple  or 
a  compound  tone,  90,  [and  note]. 

Tone,  an  interval,  major  and  minor,  ex- 
amined, 623.  [when  the  word  is  used 
for  an  interval  it  has  always  a  capital 
T  in  this  translation,  36,  note.] 

Tones  of  major  and  minor  scales  arranged 
in  Thirds  to  shew  the  intervals,  519. 

Tongues  of  clarinets,  oboes  and  bassoons, 

145.  striking  inwards  and  outwards, 

146.  membranous,  146.  of  clarinets, 
and  their  action  and  mode  of  vibration, 
148.  of  organs  and  harmoniums,  com- 
pared with  those  of  wooden  instru- 
ments, 148.     [free  and  striking,  711.] 

Tonic  or  keynote  defined,  368.  was  there 
any  in  Greek  music  ?  412.  in  polypho- 
nic music  represented  by  a  chord,  447. 

Tonic  chord,  does  not  play  a  pxominant 
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